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THE ROLE OP EPITHELIZATION AND CONTRACTURE IN 
THE HE^ILIXG OF THE PEPTIC ULCER 

A PRELUirSARY RePORT 

Edward L. Ho^\t;3, II.D,, S.uiuel C. Bullock, H.D., axd 
Burke Syphax, 1I.D., "Washikgtok, D. C. 

(From the Department of Surgery, EoiLard Uniiersity) 

T he question of just how chronic the peptic ulcer really is and what 
is the nature of its chronicity needs further consideration. It is 
not known, for example, whether the chronic state results from the 
destniction of a large amount of stomach wall with tei-minally slow heal- 
ing or whether only a .small amount of ti.ssue is originally destroj^ed and 
an inhibiting factor or factox’s keep the defect open. In this preliminarj' 
report an attempt is made to evaluate the chronicity of healing of 
artificial gastric defects resulting fi'om the destruction of known amounts 
of the vaviovxs tissue layers of the stomach wall and to compare the heal- 
ing of these defects both grossly and mici-oscopically with pathologj'^ of 
the peptic ulcer. 

method 

Known amounts of nnicosa alone, muscle and serosa, and all three 
layers xvere excised from the anterior wall of the prepyloric area of 
the Stomachs' of fully anesthetized.dogs. AVhen all three layers were re- 
moved, the omentum was sutured over the remaining defect. The dogs 
were returned to their regular diets and killed at vai-ious intervals. 
The size of the resulting lesion was measured and microscopic sections 
cut. 

KESULT.S 

Up to 4 square inches of mucosa were removed and the defects healed 
without showhiu auy signs of ehvoxneity. CoxAx'action of the stomach 
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Wall occurring immediately after cutting and during healing accounted 
for most of the closure. A reduction in size amounting to as much as 
25 per cent of the original was observed to take place as soon as the 
stomach was allowed to resume its natural position again in the ab- 
dominal cavity. During liealing, these defects of the mucosa alone did 



Fiff, 1. — Healing- of mucosal defect. Tlie muscle is intact and over it is a layer of 
young flbrous tissue without surface necrosis. A thm layer of epithelium is extending" 
from normal mucosa on either side. 



Fig 2. — The usual anatomy of the chronic peptic ulcer. 
by a fibrous base with surface necrosis Ttys fibrosis e.xtends b^ond the ^afi of U 
Stomach where there are many thrombosed vessels. The epitneiium is not regeneraunb. 
(After Hurst and Stewart.) 
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not resemble ebronic peptic ulcer Avhatsoever. Epitbelizatiou began 
after the usual latent period. The cells at the edge of the defect ar- 
ranged themselves in a single layer and extended across a narrow gran- 
ulating base existing above intact muscle. (Fig. 1.) In distinct con- 
trast, Hurst and StewaiH stress that 96 per cent of all chronic nlcers 
have destruction and replacement fibrosis of the muscle extending 
down to or beyond the serosa (Fig. 2) . The other -t per cent have either 
questionable chronieity or some degree of it because excessive fibrosis 
takes place between the museularis mucosa and the muscle at the edge of 
the defect (Fig. 3). 

Removal of 4 square inches of serosa and muscle without removal of 
mucosa did not result in any corresponding or smaller area of necrosis 
of the mucosa. Mucosal ulceratioiis did not take place during healing, 
although the underlying muscle was destroyed. The omentum spom 
taneously attached itself to the area where the muscle and serosa were 
removed, contraction reduced the size of this type of defect also, and as 
it grew smaller the omentum again began to separate. 



Pig. 4 . — Gross appearance of the 1 inch square defect of all three layers after thirty 

days of healing. 

When 1 square inch of all three layei-s of the stomach waR was de- 
stroyed, a defect resulted wliich after thirty days of healing was of the 
size of the chronic peptic ulcer or slightly larger and exactly resembled 
its microscopic picture (Figs. 4, 5, and 6). The muscle was separated 
and its base was all fibrous tissue with surface necrosis. Bpitheliza- 
tion had hegim to occur, but irregularly at one or the other edge, and 
was small in amount. It is of interest that the granulating bed of one 
of these defects was oozing blood Avhen the animal was killed on the 
twenty-seventh day. Larger areas of muscle up to 4 square inches in size 
have also been destroyed in conjunction with a I square inch defect of 
mucosa. Destruction of this additional amount of muscle did not seem 
to contribute to elironicity more than the destruction of equal amounts 
of all three layers. In either case the ulcer was of approximate^” the 
same size after the same interval. Contraction of muscle occurred after 
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the larger amount was destrojmd for microscopically it could be seen at 
the edge of the defect. 

DISCUSSION 

How long defects of various sizes of all three layers of the stomach 
wall will remain open and what will be the effect on their healing with 
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an irregular secretion or an unusual quantity of acid and pepsin will be 
reported later. Certainly when mucosa and only part of the muscle 
were destroyed, Flood and one of us (B. L. H.)- could only temporarily 
delay healing although enough acid and pepsin were given over a 
sufficient length of time to digest the experimental animal. Only a few 
of these lesions perforated and the rest healed in tAvo or three Avecks. 
At the end of one Aveek, hoAvever, most of them exhibited the charac- 
teristics of the chronic peptic ulcer; namely, overhanging or nonpro- 
liferating epithelial edges and fibrosis or granulations Avith surface ne- 
crosis replacing the muscle. To the contrary, these three layer defects 
with an omental patch stiU shoAved all the signs of chronieity at the 
end of a month, although there had been no alteration in their chemical 
envii’onment during healing. 

It is important to realize that the resemblance of chronieity can be 
duplicated in so short a period of time as a Aveek or ten days. Duplica- 
tion, then, is only significant Avhen it continues to exist. The number 
of agents and methods Avhich Avill produce this duplication Avith or Avith- 
out associated gastritis and multiple ulcerations are legion : surgical 
duodenal drainage, cinchophen poisoning, parenteral aspii’in, brain 
tumoi’s in the region of the basal ganglia, continuous stimulation of the 
vagus, avitaminosis, irregular and prolonged gastric secretion from in- 
gestion of alcohol, caustics, irritants, and chronic histamine stimula- 
tion, upper respiratory infections, and many others. "With many of these 
methods the animals die either from perforation or from other debilitat- 
ing or toxic effects associated Avith the method of production soon after 
the ulcer is produced. Chronieity is simulated, but the animals never 
live long enough to find out AA'hether the lesions are actually chronic. 
Usually, Avhen the debilitating or toxic action is removed, the lesions 
promptly heal. Only recently Avith cinchophen^ and ehi’onic histamine 
stimulatioTV* has there been some hope of carrying out real chronic ex- 
periments. The method herein described offers an experimental oppor- 
tunity to separate and evaluate destructive action and the factors pro- 
ducing chronieity. Both may be related, of course. 

This Avork further sugge.sts that the chronieity of peptic ulcer may 
in many instances be caused by the destruction of larger amounts of 
tis.sue than is usually supposed or that contraction is eliminated in some 
way. Because perforations are pin point, because mucosal ulcerations 
are of small diameter Avhen acute, and because the actual size of the 
chronic ulcer rarely exceeds 1.5 cm., it is generally assumed that the 
amount of tissue destroyed Is necessarily small and some inhibitino- 
factor keeps it open. To the contrary, evidence is presented that rela- 
tively larger amounts of tissue may be originally destroyed, and con- 
tracture brings the area clown to a size consistent Avith the usual chronic 
peptic nicer. 

Clinically, the ulceration of the stomach either heals, perforates or 
hecomus chronic. Despite the presence of acid everj-Avhere, the chronic 
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ulcer occurs lai'gely on the lesser curvature where destruction extends 
into the mesentery or iii tlie posterior wall where it extends into the 
pancreas or into an adherent lesser sac (76 per cent of chronic ulcers 
occur in these two locations), or on the anterior wall into a lapel of the 
livei, or into some surrounding adherent organ. The anatomical co- 
incidence of the involvement of three layers of the stomach wall and the 
fixation of this point in some manner with negation of the forces of 
contraction forms a pattern of healing Avhich cannot be neglected as a 
factor determining the ehronieity of the peptic ulcer of the stomach. 


SIBIStARY 


1. Contraction plays a large role in the closure of any defect-in the 
wall of the stomach. 

2. Destruction of all three layers of the wall of the stomach repaired 
Avith a patch of omentum produces during healing the gross and micro- 
scopic picture of the chronic peptic ulcer. 

3. The microscopic pathologj’^ of chronic peptic ulcer can be duplicated 
in ten days, but this similarity is only significant when it continues to 
exist over a subsequent period of time. 

4. After healing for thirty days, a 1 square inch defect of all three 
layers of the stomach wall still had the appearance of ehronieity, al- 
though there had been no change in its chemical environment during 
healing. 

5. Beeavme of contraction, the size of the chronic peptic ulcer may 
misrepresent the amount of tissue which was originally destroyed; or 
if not, then contraction must be inactivated in some Avay during healing. 

6. Most experimental methods of producing peptic ulcer have simply 
duplicated the pathologic picture of ehronieity and have not yet indi- 
cated Avliether the lesion will continue to have this appearance over 
some period of time. 

7. The method herein described offers an opportunity to test whether 
the destructive factors Avhich produce the pathologic picture of peptic 
ulcer Avill also cause ehronieity. 

8. The anatomy of the chronic peptic ulcer contributes to its ehro- 
nicity. 
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AUTOGENOUS CARTILAGE GRAFTS 
Ax Experbiental Studv 
Forrest Youxg, M.D., Rochester, N. Y. 

Prom the Department of Suygeyy, University of Sochester 
School of 'Medicine and Dentistry 

O UR knowledge concerning cartilage transplantation is in a somewhat 
confused state at present. This is due to reports of clinically suc- 
cessful transplantations not only of autogenous grafts, hut also of 
homogenous grafts, and even of so-called “refrigerated isografts.” This 
confusion is undoubtedly abetted by the fact that cartilage is an 
avascular tissue which probably lives largel5’ ])y lymph diffusion, and 
because it requires so little for sustenance, degenerati^'e changes take 
place quite slowly. Hence clinical observations may be of cpiestionable 
value as the period of observation may be too short to determine the 
ultimate fate of the transplairt. 

CLINTCAL EVIDEXCE 

Autogenoiis . — Clinically there is a well-founded belief that airtogenoirs 
rib cartilage grafts live when transplanted to almost any location and 
that they neither increase nor decrease in size. It is also believed that 
they change little microscopically, other than undergoing that calcifica- 
tion which normally occurs. There are many reports in the literature 
concerning their successful clinical use. 

Living Homogenous . — Living homogenous grafts have not been exten- 
sively used clinically, but because of the great difficulties encountered 
in satisfactorily restoring the ear, Gillies* in 1937 attempted and re- 
ported the successfvd transplantation of maternal auricular cartilage to 
the son, in the correction of traumatic and congenital microtia. Follow- 
ing this report, others have reported on this procedure as being prac- 
ticable. J. B. Brown= in 1940 reported clinically successful cases of rib 
cartilage transplants from father and mother to sons, in the correc- 
tion of traumatic deformities of the nose and oi'bit. 

Bead Cartilage . — Dead preserved transplants of both animal and 
human cartilage were used rather extensively two decades and more 
ago. These were employed mainly in the correction of saddle noses. The 
procedure was gradually discarded because it was believed that these in- 
serts were absorbed. 

Within the past ten years there has been a revival of the use of these 
so-called preserved homografts. TJiese are not in the strict sense of the 
word g rafts, for I do not believe that even their staunchest advocates 

is! ot tho Society of University Surgeons at St Louis. Mo., 



8 


SURGERY 


would consider them to be living tissue. They are dead cartilage re- 
moved from cadavers and preserved in one way or another. 

In 1938 O’Connor and Pierce® reported on what they call “re- 
frigerated cartilage isografts.” Rib cartilage from a cadaver is pre- 
served under, sterile precautions in a solution of one part 1:1,000 
aqueous merthiolate to four parts of normal saline solution in the re- 
frigerator. They report the use of cartilage stored for as long as two 
years. Of 375 transplants done, 6 became infected, of these onlj’’ 1 was 
totally lost. They state that after five years the transplants still main- 
tained their original size and identity. 

In 1940 Kirkham® reported the successful use of cadaver auricular 
cartilage, preserved in the same jnanner, in reconstruction of subtotal 
losses of the ear. 

Prom these clinical reports one would conclude that either living autog- 
enous or homogenous cartilage can be successfully transplanted, and 
that dead homogenous cartilage will persist as a foreign bodj'^ in the 
tissues for a long period of time Avithout loss of size. 

EXPERIMENTAL EVIDENCE 

Autogenous. — The experimental data available Avould indicate that 
the clinical belief concerning autogenous cartilage grafts is correct. 
In 1917 Davis® found that cartilage grafts remain of original size when 
transplanted subcutaneously in dogs with one end of the graft in con- 
tact Avith bone, Avhile similar experiments Avith bone grafts shoAV that 
they are gradually completely absorbed. 

Loeb® in 1926 reported that of the cartilage grafts from various 
sources autografts are tolerated Avith less reaction and Avith less eventual 
loss of substance. 

In 1938, Peer® shoAved that in man autogenous cartilage grafts re- 
tained their normal structure and Avere not absorbed or invaded. This 
conclusion aa'us based on microscopic examination of segments of costal 
cartilage buried beneath the chest skin and removed at intervals of six 
months to six years. 

In 1940, Kirkliam-* shoAved microscopic sections of autogenous rib 
cartilage Avhich had been stored in the abdominal subcutaneous ti.ssues 
of a patient for ten years and had not lost its cartilaginous charaetei- 
istics. 

Homogenous ffrn/t.s.— Experimental data concerning liomogenoiis 
liAung transplants of cartilage are quite scarce. Loeb and Siebeit lepoit 
that there is greater tissue reaction to, and more eventual absorption of, 
homogenous cartilage grafts than of autogenous. 

Dead Homogenous Implants .— experimental Acork concerning 
dead homogenous implants is also rather meagei'. Peci jepoite t lat 
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he had buried cadaver rib cartilage preserved in alcohol imder the skin 
of patients and then removed the implants at intervals of seven days up 
to two year's. Histologic examination of the removed specimens showed 
that a rather intense inflammatoi-y reaction takes place at once. A thick 
connective tissue capsule forms about the implant, walling it off. This 
reaction lasts about a month and then largely disappears. The cartilage 
then acts as air inert but tolerated foreign body up ruitil about nine 
months. Prom then on there is progressive invasion of the cartilage by 
fibrous tissue and partial absorption takes place. 

Kirkliam 's^ findings using the ear cartilage from rabbits differs some- 
what from this. He was attempting to find out how long after death 
a homogenous transplant would be possible. A rabbit was killed and 
five pieces of auricular cartilage removed one hour after death. Two of 
these were placed on ice dry, and two moistened in Ringer’s solution on 
ice. The fifth piece was implanted in the abdominal wall of another 
rabbit. Each honr up to six hours after death another piece of cartilage 
was removed and put in the abdomen of a living rabbit. At twenty-four 
hours and forty-eight hours the iced cartilage was implanted. Six 
montlrs later the implants were removed and sectioned. They were all 
intact ufitii the exception of the dry, iced cartilage. On section they a’i 
showed the cell spaces vacuolated and the nuclei absent. His conclusions 
were that the cartilage retained its fom even though cellular death oc- 
curred. 

It seems to me that the entire subject should he reviewed experi- 
mentally. A start has been made in this direction, the results of which 
are herewith reported. 


METHOD OF EXPEKUIEKT 1 

Since there seems to he ample clinical and experimental evidence that 
autogenous rib cartilage grafts live and maintain their size over pro- 
longed periods of time, it might seem unnecessary to add further data. 
However, to establish a base line for the series of experiments planned it 
seemed essential that quantitative data should be obtained. 

lu dogs, central ossification of the costal cartilages occurs quite early. 
For this reason young adult dogs Avere used in order to secure rib 
cartilage with as little ceirtral hone as pos.sible. If moderate calcification 
was found near the bony rib-cartilage junction, this end of the costal 
cai'tilage was trimmed oft’ until only cartilage was left. 

Ten dogs were used in this experiment, the operations being carried 
out aseptieally under ether anesthesia. Each dog was operated upon 
in the same manner. 

An ol)liciue incision was made over the right and left co.stal marmns 
the rib cage exposed, and three costal cartilages removed on each side.' 
The perichondrium was stripped off of three of these. The remaining 
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Table I 


Autogenous Cartilage Transplants Wmi Perichondbiuji 


T/ifE 

original 

REMOVAL 

ORIGINAL 

REMOVAL 

CHANGE IN 

gkapt in 

LENGTH AND 

length and 

WEIGHT IN 

WEIGHT IN 

place 

WIDTH IN car 

width in cm 

GM. 

GM. 

WEIGHT 

2 \vk. 

6.7 X 0.6 



0.508 



0.2 X 0.7 



0.857 



5.0 X 0.3 



0.180 



7.4 X 0.5 



0.960 



X o.(i 



0.783 

-0.027 


5.2 X 0.45 


0.282 

0.216 


.H mo. 

6.1 X 0.3 

5.2 X 0.3 

0.324 

0.339 



5.6 X 0.(i 

5.8 X 0.6 

0.322 

0.308 

-0.014 


S.O X 0.4 

7.7 X 0.6 

0.753 

0.744 



5.7 X 0.2 

5.6 X 0.2 

0.188 

0.196 

+0.008 


7.0 X 0.7 

7.2 X 0.(i 

1.026 




6.5 X 0.5 

6.4 X 0.45 

0.775 

0.756 


6 mo. 

5.0 X 0.5 

4.8 X 0.5 

0.181 


+0.020 


6.0 X 0.3 

5.S X 0.3 

0.315 

0.336 

+0.021 


6.2 X 0.6 

6.2 X 0.5 

0.9S8 

0.978 



5.5 X 0.6 

5.7 X 0.6 

0.308 

0.329 



6.7 X 0.6 

6.9 X 0.5 

0.810 

0.867 

+0.057 


7.0 X 0.4 

7.0 X 0.5 

0.623 

0.63S 


1 yr. 

6.2 X 0.45 

6.4 X 0.5 

0.605 


+0,195 


4.45x 0.0 

4.7 X 0.45 

0.240 




5.2 X 0.4 

5.0 X 0.5 

0.198 

0.221 



4.4 x 0.3 

4.5 X 0.3 

0.112 




7.0 X 0.5 

7.0 X 0.5 

0.776 

0.728 



6.5 X (1.4 

6.4 X 0.4 

0.561 

0.532 


it yr. 

5.6 X 0.6 

4.5 X 0.5 

0.311 

0.222 




5.6 X 0.5 

0.704 

0.609 



7.6 X 0.7 

7.0 X 0.7 

0.610 

0.531 

-0.079 


5.5 X 0.5 

5.0 X 0.5 

0.305 

0.261 




5.8 X 0.4 

0.588 

0.517 

-0.071 



4.7 X 0.5 

0.196 

0.181 1 

-0.015 


three were cleared of soft tissues as completely as possible, but the 
perichondrium was not disturbed. -A small piece of each rib cartilage 
was saved for microscopic examination. Each segment of cartilage was 
measured, the length and breadth at the widest point recorded, and the 
weight determined on a chemical balance. The three cartilages with 
perichondrium were implanted in the subcutaneous tissues of the 
abdomen on the right side. One was placed in the epigastrium, one op- 
posite the umbilicus, and one in the lower abdomen. The three without 
perichondrium were placed in parallel positions in the left anterior 
abdominal wall. Each piece of cartilage was inserted through a .separate 
small incision one-half to one inch long. These wounds and tlie ones 
over the costal margins were closed with silk. 


In all, sixty transplants were made, thirty with and thirty without 
periehondrirmn The grafts were removed from two dogs at intervals of 
two weeks, three months, six months, one year, and one and one-half 
years Thus six grafts with perichondrium and six grafts without peri- 
chondrium were made available for study at caeli time interval. 
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Tabi-e II 


Autogexous Caktilage TK-ixspiAxrs Without Pebichosbkiosi 


TlitE 

graft IA' 

PLACE 

ORIGIKAL 
LEXGTU AXD 
width IX 

EESIOV.U, 
LESGTH AXn 
WIDTH IN CM. 

OltlGSXAL 
WEIGHT IS 
GM. 

BEMOVAD 

WEIGHT IN 

Gir. 

change IX 
weight 

2 wk. 

7,7 X 0.5 

8.1 X 0.5 

||||_^^-|||||| 

0.740 

-0.169 


6.5 X 0.6 

5.9 X 0.35 


0.188 

-0.141 


6.0 X 0.5 

6.0 X 0.5 


0.295 

-0.013 


5.5 X O.I 

5.7 X 0.4 


0.178 

-0.110 


4.2 X 0.3 

4.0 X 0,3 


0.128 

+0.013 


7.S X 0.5 

8.2 X 0.5 


0.712 

-0.163 

o 1110, 

4.0 X 0.3 

3.4 X 0.3 

0.102 

0.072 

-0.030 


G.l X 0.5 

5.S X 0.5 ‘ 

0.311 

0.260 

-0.051 


8.1 X 0.5 

7.8 X 0.4; 

0.928 

0.857 

-0.071 


5.1 X 0,3 

5.3 X 0.3 

0.258 

0.277 

+0.019 


6.5 X 0.4 

6.5 X 0.4 

0.308 

0.288 

-0.020 


8.0 X 0.5 

7.3 X 0.5 

0.905 

0.866 

-0.039 

(i mo. 

5.0 X 0.25 

5.0 X 0.3 

0.204 

0.217 

+0.013 


7.5 X 0.5 

7.8 X' 0.5 

0.878 

0.905 

+0.027 


4.S X 0.3 

5i0 x 0.3 

0.197 

0.205 

+0.00S 


7.0 X 0.6 

■ 7.4 X 0.6 

O. 0 S 5 

0.631 

+0.046 


4.6 X 0.4 

■ 5.2 X 0.5 

0.312 

0.388 

40.076 


S.O X 0.5 ■ 

' 7,5 X 0.4 

1.021 

0.975 

-0.046 

1 yr. 

6.5 X 0.55 

7.4 X 0.4 


0.361 

+0.009 


6.2 X 0,35 

7.0 X 0.3 


0.352 

+0.005 


5.4 X 0.45 

5.0 X 0.33 


0.356 

-0.032 


6.0 X 0.5 

6.3 X 0.4 

0.360 

0.355 

-0.005 


7.8 X 0.35 

7.5 X 0.35 

0.516 

0.505 

-0.011 


4.5 X 0.3 

4.0 X 0.3 

0.155 

0.09S 

-0.057 

1 >, yr. 

6.5 X 0.6 

6.0 X 0.6 

0.225 




7.8 X 0.5 

8.2 X 0.0 

0.617 


-0.065 


7.5 X 0.5 

S.O X 0.5 

0.603 

0.568 



3.0 X 0.3 

4.8 X 0,3 

0.215 

0.230 

+0.015 


6.2 X 0.5 

6.4 X 0,55 

0.355 

0.346 

-0.009 


7.5 X 0.5 

7.8 X 0.45 

0.3S7 

0.550 

-0.037 


GBOSS EX.UIIX.VTIOX AXD JIEASUKEJIEXT OP TRANSPLANTS 

During the coui'se of the experiment the transplants could be easily 
palpated under the skin and in most instances their outlines were 
■visible. No graft was absorbed ; all were recovered and studied. On re- 
moval it was found that they were rather loosely attached in the sub- 
cutaneous tissues. If on removal any soft tissue remained adherent, 
this was removed as carefully as possible. Inspection showed that the 
transplants still retained their cartilaginous chai-acteristics. The grafts 
which had been longer in their new location in some instances showed 
small areas which had lost their translucent sheen. Tliese spots were 
yellower than the surrounding hyaline-appearing cartilage and softer. 
In all instances the transplants were pliable and when bent still retained 
their springlike elasticity. The specimens were measured and it was 
found that their dimensions were practically the same as when originally 
trai^planted. There were minor variations, but these were within the 
limits of error. The specimens were also weiglied for comparison with 
the weights recorded at time of transplantation. It was found, here too 
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that little change had occurred. In general both those grafts with and 
witliout perichondrium showed their greatest weiglit loss in the speci- 
mens removed two weeks after grafting. A minor weight loss was also 
noted in the three-month specimens. On the other hand, those grafts 
removed six months after transplantation showed on the whole a small 
gain in weight. There was then a small weight loss in general in those 
specimens which had been transplanted for a j’ear and for one and one- 
half years. There was no significant difference in tlie quantitative he- 
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havior or the gross appearance in those grafts transplanted with, and 
those transplanted without, perichondrium. 

The detailed data appear in Tables I and II. 


MICROSCOPIC EX V3UXATIOX' 

Sections Mere made for inicioseopic examination of all sixty grafts. 
The photomierograplis shoMii are representatii e ones selected from those 
studied at the \aiious time inteiuals. 
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One can state without question that these autogenous caitilage grafts 
remain living eaitilage In all specimens the cellular striictiiie was 
found intact and cell nuclei present. As the grafts weie m their new 
location for longer periods the cells in most instances appeared larger 
with a greater amount of clear aiea about the nuclei In the older 
specimens central calcification was frequently observed, and in some in- 
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stances osteoid oi’ actual bone formation occurred. In this centrally 
formed bone a marrow cavity was at times obseined. 

EXPERIMENT 2 

While engaged in the foregoing expei-iment which is intended as a 
baseline experiment for similar studies to be carried out with living 
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homogenous and zoogenous grafts and with dead autogenous, homog- 
enous, and zoogenous implaiits, it occurred to me that it might be pos- 
sible to grow thin sheets of cartilage by seeding small particles of living 
autogenous cartilage in a known location. Although this at first thought 
might seem to have little prospect of success, I had some encouragement 
from experiments previously completed® in which it had been observed 




young: AUTOGCNOUS Ci.RTIL,lGE GRAFTS 


17 


that strips of nb cartilage placed side by side in the dog’s knee joint 
seemed to heal together by cartilaginous fusion. 

METHOD 

Accordingly costal cartilages -were removed as in the previous experi- 
ment. From one-half of these the periehondriimi was removed. The 
cartilage was then chopped into fine particles. On the right side of the 
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abdomeJi small incisions were made down to the rectus fascia, and the 
subcutaneous tissues sepai'ated fz’om the fascia to make a small pocket. 
On the right side the chopped cartilage with perichondrium was placed 
in three depots, one on the upper, mid-, and lower abdomen. Chopped 
cartilage without perichondrium was placed in similar locations on the 
left side. This finely divided cai'tilage was spread out in a thin layer 
OA'er the rectus fascia so that an area about one inch in diameter was 
covered and the sizbeutaneous tissues lay smoothly over it. The wounds 
were closed with silk. Four dogs in all were operated upon. The 
wounds were then opened at intervals of three months, six months, one 
year and one and one-half years. 

GROSS APPEARANCE 

Twenty-four specimens in all were examined, twelve with and twelve 
without perichondrium. In each instance a thin sheet of glistening, 
translucent, eartilaginous-appeaiung material about the size and shape of 
a half-dollar was recovered. Tiny rounded protuberances could be seen 





Pjg-, 7. — Gross appe.irance of masse.c removed at one and one-liaif years, folloivinff 
seeding of cartilage particles m a pocket over tlie rectus fascia. 

on the homogenous surface of this mass which probably represented 
individual particles of cartilage. This thin slieet of opaque cartilaginous- 
appearing material had the springlike quality of cartilage. It could be 
bent to 50 to 60° without cracking and on release return to its original 
position and shape. 

JIICKOSCOPIC EXA.^nX.VTION 

These specimens were all sectioned and studied. It was found that 
there was no actual growth of cartilage of wliich one could be positive, 
hilt the narticles of cartilage liad become adherent to one another by 
fell The eaUilase parlielo, »o,-e all living a. evijenee.! l,y 
the character of the cells. In the one-year and one-and-one-halt-year 
specimens tliere was considerable bone and nuirrow fonnation noted 
ill some of the cartilage particles. 


young: autogenous cartilage GR-VFTS 


19 


CONCLUSIONS 

Prom the two experiments reported it would appear that autogenoi 
rib cartilage when transplanted to the subcutaneous tissues of the do 
remains living and maintains its size and weight for as long as one an 
one-half years. 



Fis 8 — Photomicrograph (X8) Cross-secuon of specimen remo\ed six montl 
after seeding cartilage particles The cartilage particles are connected hy loose fibroi 
tissue. 



Fig 9 — Photonucrograph 

^coding which was removed at one . 

center of most of the cartilage particle^*. 


(XS) Specimen of cartilaginous mass nroditre.? k 
ana onc-half jears Thermo .s bon™ f^rmSon in tb 
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Autogenous rib cartilage, finely chopped and seeded over the rectus 
fascia in the dog, stays viable and fuses together into a solid sheet of 
opaque cartilage-like material. This fusion is by fibrous tissue. Grossly 
this mass has some of the properties of fibroelastic cartilage. 
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STUDIES OP THE JUGULAR PRESSURE OF ANESTHETIZED 
DOGS DURING POSITIVE INFLATION OP THE LUNGS 
BEFORE AND AFTER PNEUMONECTOMY 

George H. Humphrfa'S, 2(LD., Richmond L. jMoore, jM.D., and 
Howard Barkley, j\LD., New York, N. Y. 

('From the Surgical Pathology Laboratory of the College of Physicians and Surgeons, 
Columbia University, and the Department of Surgery, 
the Presbyterian Eospital) 

A S THE use of positive pi’essuve anesthesia is being extended, the 
■ dangers that accompany its administration should be more gen- 
erally appreciated. Recent discussions of the subject direct attention 
to the impaii’ment of ventilation when positive pressure is continuous^ 
and emphasize the importance of avoiding high pressures because of 
the danger of nipturing alveoli." The effects of positive pressure 
ventilation on the circulation, however, seem to have been overlooked, 
or passed over in a few words. After emphasizing the mechanical ef- 
fectiveness of his positive pre.ssure apparatus, Crafoord,’ for example, 
■warns that “the only thing -d'C have to follow closely is the circulation.” 
He then dismisses the subject nith just one additional sentence, in which 
he states that any failure of the circulation can be easily corrected by 
the intravenous administration of blood and stimulants. 

In some of our previous studies it was shown that inflation of the 
lungs of anesthetized dogs caused a fall in cardiac output. In the 
first series of experiments this decrease in cardiac output was observed 
after thoracotomy and inflation of the lungs at pressures varying be- 
tween 3 and 6 mm. of mercury.^ In later experiments it was demon- 
strated that the decrease in cardiac output was proportional to the intra- 
tracheal pressure used.° Fm-ther studies have shomi that a rise in 
both jugular vein and pulmonary artery pressures also occurs and 
that a similar rise in pulmonary artery pressure follows ligation of 
the pedicle of one lung.® Because in experiments done previous to all 
of these" it had been demonstrated by us that ligation of either primary 
branch of the pulmonary arteiy did not cause a change in cardiac out- 
put, it was suggested that the reduction in cardiac output accompany- 
ing positive 3 Jre.ssure inflation was due to a tamponade effect caused by 
l>re-ssuve of the inflated lungs on the mediastinum and heart rather than 
to pulm onary artery obstruction. Confirmation of tliis hypothesis is 
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liere presented b3r studies of the etfect on venous pressure of inflation 
of the left lung- after eliminating the possibility of tamponade by re- 
secting the right. 

METHOD 

Direct measurements of the jugular pressure of five dogs, anesthetized 
with barbital sodium, were obtained Avith the apparatus of Moritz and 
von Tabora.® Because the base line cannot be veiy aecuratelj'- ad- 
justed to the level of tlie base of the heart, the absolute values of these 
measurements are of less interest than their relative changes, which 
are not affected by the base line, under the experimental conditions. 

In ever 3 '' experiment a control reading was obtained Avith tlie anes- 
thetized animal breathing normal^. The trachea Avas then connected 
tightly Avith a metal cannula, through the inspiratory arm of Avhich 
ox3'’gen Avas introduced b 3 ’- means of a catheter passed loosety into the 
trachea as far as its bifurcation. A second control reading Avas ob- 
tained immediately after cannulation of the trachea Avith the animal 
breathing oxygen at atmospheric pressure. Arrangements Avere then 
made for controlling intratracheal pressure by means of a scrcAV clamp 
on the expiratory arm of the cannula. Intratracheal pressure Avas 
measured by direct connection of the cannula Avith a Avater manometer. 
After the second control reading had been obtained, the intratracheal 
pressure Avas raised to about 3 cm. of Avater and the cJiest Avas opened 
Avide by splitting the sternum and introducing a self-retaining retractor. 

Then, AAutli the chest Avide open, a series of venous pressure readings 
Avas obtained Avhile both lungs Avere inflated by increasing pressures. 
Each pressure Avas maintained for onl3^ tAVo minutes. Tlie right lung Avas 
then resected by clamping, dividing, and ligating the hilar structures 
of each lobe separately. A second series of venous pressure readings 
Avas then obtained Avliile tlie left lung Avas inflated by increasing pres- 
sures. Since this procedure resulted in varying degrees of mediastinal 
distortion, Avith marked displacement of the heart to tlie right side, in tlie 
last three experiments a third series of atiious pressure readings Avas 
obtained after opening the pericardium and holding the heart in its 
normal position Avitli a silk suture passed through its apex. 


RESULTS 


Inflation of the lungs in the oiien chest preparation Avas regularly 
folloAved by an immediate increase in A-enoiis prc.ssurc. 'Within limits 
this increase in A-enous pressure aaus directfv proportional to the degree 


of intratracheal pre.ssure used. Furthermore, the curve ot venous 
pressure response Avas a highly indiA-idual one for each animal studied 
so that the readings must be plotted separately. All of these changes 
have been observed by us in previous experiments,' and they constiluto 
the control observations for the experiments reported in this paj.er. 
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■When the venous pressure readings were repeated after resection of 
the right lung, the results were strikingly diiferent. Under these con- 
ditions and wdth the same iirtratracheal pressures, venous pressure rose 
veiy little and when displacement of the heart w'as prevented the venous 
pressure change was even less. The failure of venous pressure to rise 
after resection of the right lung, however, was observed only within 
certain limits of intratracheal pressure. If intratracheal pressure was 
carried above these limits the right heart failed and then, as one would 
expect, the venous pressure rose rapidly until the circulation came to a 
standstill. 

The results are shown graphically in Figs. 1 and 2. 
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DISCUSSION 

Experimental studies have repeatedly shown that during gradual 
occlusion of the pulmonary artery there is no damming back of blood 
in the peripheral veins until heart failure oecurs.=- Recently Mend- 
loivitz has demonstrated again that a normal dog’s heart is capable of 
ovei coming a very high degree of pulmonary arterial block without 
appieciable change in peripheral venous pressure. Our experiments 
were similar since inflation of the lungs at high pressures introduced a 
resistance to the pulmonary blood flow which was equivalent to blocking 
partially the main trunk of the pulmonaiy artery. When tamponade 
was prevented by resecting the right lung, there was no significant rise in 



line). 

venous pressure until the right heart failed. When both lungs were 
present, however, the venous pressure rose in direct proportion to the 
intratracheal pressure used. It is apparent, tJiereforc, that tiie rise in 
venous pressure which accompanies inflation of the lungs cannot be 
attributed to the inability of the heart to overcome the increase in 
resistance in the pulmomu-y circulation wiiich occurs at the .same time. 

ilfedia.stinal emphysema was not observed in any of these experiments, 
although pressures ivell above tliose reported to cause it’ were n.sed, 
possibly because, each pressure was maintained for only two minute.s. 
If an earlv and overlooked alveolar rujiture and empliy.sema d;d take 
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Blace it cannot have been responsible for the rise in venons pressure 
• flVl.tter fell a-ain as soon as the intratracheal pressure was 

Since the ovy^en and carbon dioxide contents of the arterial 
lowered. Since the oxj e 

:r — tion of carbon dioxide due to im 
naii'ed ventilation. Nevertheless, since the rise in venous piessuie 
which accompanied inflation of both lungs did not occur after one had 
been resected it cannot be attributed to anoxia or accumulation of 
Son dioxide It must be concluded, then, that a tamponade effect, 
caused by compression of the heart or great vessels 
naX- Xs was responsible for the venous pressure rise when both 

weXesent. men one lung was resected, there was no tampon- 
ade effect and consequently no rise in venous Piessme. 

The consistent finding of a high degree of individual variation m th 
Ume of venous pressure response, although its direction was always the 
sSie is of intei-est. It seems probable that the shape of each ammal s 
eSas men as age and general eonUMon are determtn.ng factors 

Since the shape of the chest of a htinian bemg is verj- diKerent from 
thrt^f a doo L tamponade effect prodpeed by pos.tive pressure an- 
that of a that demonstrated m these experi- 

menls!*^ It must, however, he similar and presumably shows similar in- 
• 1 1 variations For this reason it cannot be said that one Ultra- 
SeS W^ure is safe and aVotha- dangerous, mat is safe for one 
pSS may he dangerous for another, and must yarj- tor the same pa- 
tient under different circumstances. 

SODIABT AXD COXCLUSIOXS 

The iu<mlar vein pressure of five anesthetized dogs was measured 
after oinin- the chest wide and inflating the lungs continuously at m- 
Xing pre^vires. The right lung was then resected by ligating and 
dividing the pedicle of each lobe separately, and the response of the 
venous pressure to similar intratracheal pressures was again obseiwed. 
Finallv in three animals, a third set of venous pressure readings was 
rrKtniTiPd after the pericardium had been opened wide and the heart fixed 
tn Lrmal position by a suture through its apex. 

The findings were as follows : 

1 When both lungs were inflated at iiicreasmg intratracheal pr 
sures the jugular vein pressure rose in e\erj experiment. 

0 The rise in venous pressure was less abrupt and much less marked 

after resection of the right lung. 

3 AYhcn, following resection of the right lung, the pericardium was 
opened and heart fixed in normal position, the rise in venous pre.ssuve 
did not occur until the right heart failed. 

We believe these findings show conclusively that the decrease in 
cardiac output, which has been shown to accompany positive inflation 


res- 
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of the lungs in experimental animals, is due to compression of the heart 
and interference Avith its filling rather than to compression of the pul- 
monary vessels and interference Avith its emptying. 
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OBSERVATIONS ON THE USE OF PROLONGED ANESTHET 
AGENTS IN UPPER ABDOMINAL INCISIONS 


Robkkt Zoi-mnouu, M.D., Boston, Mahh. 

(From the FunjicM Hcrvici- of the Peter licnt Britjhdm Jlo'iintnl and the LaboraU 
of Hurijkal Uenearch, Harvard Medical School) 


I T HAS long been suspcclcd Unit the liinitiition of respiratory exe’ 
siona due to pain ia an important factor in the relatively high in 
denee of pulmonary eomplications following operations on the upj 
abdomen. In his experiments Kahn has shown that stimulation of 1 
eentral end of any intercostal nerve causes a retlex inhibitkm of resjii 
tion. Particularly is this true of the seventh to twelfth intercostal ner\ 
Similai'ly, stimulation of the peripheral branches, including tho.se to 
rectus abdominus muscle, inhibits respiration. Cutler and Iloerr In 
shown that this inhibition is greater than is perhaps generally realir- 
amounting to a 59 per cent depre.ssion of the mean vital capacity d 
ing the first few postotierative days. 

The ordinary prophylactic measures, such as the avoidance of tif 
dressing.s, rebreathing with carbon dioxide, and frequent changes 
position, employed to prevent or decrea.se the ineidenee of pulmoni 
complications, are effective only up to a certain ])oint. 'I'o a considera 
extent they are necessary only becau.se the patient is either unable 
unwilling to take a deep breath, to cough, or to move about in bed 
cause of the pain arising from the surgical incision. It seems I'easi 
able, therefore, that if the pain in the wound were alleviated sufficien 
during the finst few postoperative days, the patient would ))e more ec 
fortable and the surgeon would have fewer pulmonary complications 
contend with. 

Many methods have been advocated to minimize the pain of .surgi 
incisions. One approach has been directed at placing the incision 
such a fashion as to interfere with as few sensory nerves as po.ssil 
Transverse incisions have accordingly been recommended by ins 
surgeons. 

As another approach to the problem, various types of ancstlu 
agents have been administered by a variety of methods and in a vari 
of locations. The use of anc.sthctic agents to alleviate the pain of s 
gicai incisions over a iirolongcd period is i)y no means a new idea. Mr 
years ago Crile,’’ recommended tlie injection about the wound of qi, 
ine and urea hydrocliloride in a to •/, per cent solution. Althoi 
a satisfaetory anesthesia lasting for several days resulted, llic met! 
was discarded !)eeause it produced lihrinous exudate witli oecasio 
suppuration at tlie sites of injection. 


.-it till- miM-Uni; of Uo- SocU-ty of 
5ASi. U iina Ui, I'Jll. 


UnlvcvaUy SursootiH !tl St. Ixjulii, 
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of the lungs in experimental animals, is due to compression of the heart 
and interference Avith its filling' rather than to compression of the pul- 
monary Amssels and interference with its emptying. 
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ivas Qui‘ clinical impression tliat these patients were more com- 
>le after operation and required less sedation than the average 
It. But it is admittedly difficult to evaluate the amount of dis- 
)rt that patients experience after operation, for this varies ac- 
ag to the age, sex, and mental make-up of the individuaL A 
d of the amount of sedation given, such as morphine, is unreliable, 
ise sedatives may be prescribed for restlessness or to insure sleep, 
mt for pain in the wound. 

e of the simplest and most reliable methods of determining the 
int of pain follownng upper abdominal incisions is a record of the 
vital capacity. Cutler and Hoerr have show that there is in- 
ibly a marked reduction in vital capacity after a high abdominal 
ion. Their figures were used by us as a control on the effectiveness 
le method in increasing the respiratory excursions. 


EFFECT OF PftOLOMGEO ANESTHESIA OM VjTAL CAPACITY 

U3CAL tHFlLTRATiOW QP VbOUtm^ 

(Upaer iaosjcpsI 



1. — Grapji of vital capacities before and after operation when eucupin-procaine 
solution was inflitrateti locally. 

n Fig. 1 is tabulated the vital capacity of patients whose upper 
ominal wounds were infiltrated witli eucupin-procaine solution. The 
il capacity was recorded before and on succeeding days after opera- 
i. There was no significant variation as compared to the control eases, 
nflueneed by Bartlett’s excellent report on the efficiency of inter- 
tal nerve block for upper abdominal surgery, we studied the possi- 
ty of obtaining prolonged anesthesia by substituting an anesthetic in 
for novocain in intercostal nerve block. Burt and Gins, throu"h 
lerimeuts in animals, had shown that certain anesthetic agents in oil 
mthcsol) did not retard wound healing or increase the incidence of 
eetion, Bartlett showed how the anatomical arrangement of the 
creostal space, especially about the midaxillary line, lends itself to 
^ application of nerve block anesthesia. The intercostal nerve in 
.s location is in a dosed compartment just beneath the inferior marmn 
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Capelle, a few years ago, recommended the continuous administra- 
tion of novocain to overcome the pain in surgical wounds and to in- 
ciease the postopei'ative vital capacity. He employed an ingenious 
apparatus, consisting of several large, thin, curved, hollow needles at- 
tached to a tube. These needles he inserted after closure of the peri- 
toneum, in a fashion similar to the placement of retention sutures, 
thereby providing a tubular irrigation system for injecting the anes- 
thetic agent as required. He found that the irritation from the needles 
was no more marked than that produced by wire retention sutures. 
Although this method maj’' be effective in producing anesthesia in the 
wound over a prolonged period of time, it presents many obvious un- 
desirable features. 

Gius, impressed with CapeUe’s results, which showed a return of 
vital capacity from the usual 20 to 40 per cent of normal immediately 
after operation to 90 per cent of normal when the wound was anes- 
thetized, adopted a paravertebral procaine block in the treatment of 
postoperative atelectasis. He reported the use of this paravertebral 
block of the lower thoracic and upper lumbar nerves in two children, 
who developed atelectasis following appendectomy. Both were relieved 
of their pain in the abdominal wound, and as a result could cough vigor- 
ously without distress. It was his impression that temporary abolish- 
ment of pain in the wound allowed hyperventilation of the lungs and 
effective coughing. 

Although in our preliminary studies at the time of closure we in- 
jected an anesthetic in oil in the layers of the abdominal wall adjacent 
to the incision, we hesitated to use an amount sufficient to insure com- 
plete anesthesia of the wound. So we sought an agent which could be 
prepared in aqueous sohition, and which would give prolonged anes- 
thesia. On the basis of some observations by de Takats and Collins on 
the effectiveness of eueupin as a prolonged anesthetic, this material was 
selected. The solution xised consisted of eueupin dihydroehloride 0.06 
Gm., procaine hj'drochloride 0.30 Gm. in Einger’s solution to make 30 
c.c.** The procaine was added to give immediate anesthesia and to over- 
come the burning sensation that accompanies the mjection of eueupin. 

The effectiveness of local infiltration of eucupin-procainc solution was 
studied in a group of patients who had been submitted to gastric or 
biliarv operations through vertical upper abdominal incisions. At the 
time of closure of the abdominal wound, while the patient was still 
under general anesthesia, the eucupin-procainc solution was injected 
loeallv about each side of the incision. No intradermal infiltration of 
the skin was carried out, but when retention .sutures were used, infiltra- 
tion was carried out about these as well. Although the amount injected 
was variable, it usually amounted to 50 e.c. 

■ .Thl eheniic.;;! uso.I in thci.o c.xporinunt. «u„pl.cd by Up. lun- Cb. n.lcU r» . 

Xepara Park. 
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It was our clinical impression that these patients were more com- 
fortable after operation and required less sedation than the average 
patient. But it is admittedly difficult to evaluate the amount of dis- 
comfort that patients experience after operation, for this varies ac- 
cording to the age, sex, and mental make-up of the individual. A 
record^of the amount of sedation given, such as morphine, is unreliable, 
because sedatives may be prescribed for restlessness or to insure sleep, 
and not for pain in the wound. 

One of the simplest and most reliable methods of determinmg the 
amount of pain following upper abdominal incisions is a record of the 
daily vital capacity. Cutler and Hoerr have shown that there is in- 
variably a marked reduction in vital capacity after a high abdominal 
incision. Their figures were used hy us as a control on the eftectiveness 
of the method in increasing the respiratory excursions. 


EFFECT OF Pft0U>NC£0 ANESTHESIA OH VITAL CAPACITY 

LOCAL IKntTRATlOH OF ViQUHOS 
(Upper ;)bflc<nn3)Ven>cal i*«&icns) 



Pig 1 Graph of vital capacities before and after operation when eucupin-procaine 

solution was infiltrated locally. 

In Fig. 1 is tabulated the vital capacity of patients whose upper 
abdominal wounds were infiltrated with eucupin-procaine solution. The 
vital capacity was recorded before and on succeeding days after opera- 
tion. There was no significant variation as compared to the control cases. 

Infiuenced by Bartlett's excellent report on the efficiency of inter- 
costal nerve block for upper abdominal surgery, we studied the possi- 
bility of obtaining prolonged anesthesia by substituting an anesthetic in 
oil for novocain in intercostal nerve block. Burt and Gius, through 
experiments in animals, liad shown that certain anesthetic agents in oil 
(neothesol) did not retard wound healing or increase the incidence of 
infection. Bartlett showed how the anatomical arrangement of the 
intercostal space, especially about the midaxillary line, lends itself to 
the application of nerve block anesthesia. The intercostal nerve in 
this location is in a closed compartment just beneath the inferior margin 
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of the rib between the external and internal intercostal muscles. This 
anatomical arrangement permits the use of relatively small amounts of 
an anesthetic solution with reasonable assurance of an effective nerve 
block. The anesthetic selected was eueupin base, 0.005 Gm.; ethyl 
aminobenzoate, 0.15 Gm.; benzyl alcohol, 0.25 Gm.; and sufficient oil 
of sweet almond to make 5 c.c. 

The method of producing the intercostal block we employed was essen- 
tially that described by Bartlett. The side to be injected was elevated 
by a sandbag or pillow under the chest, and the arm was abducted 
(Fig. 2), It is helpful, especially in females with pendulous breasts or 
in obese individuals, in locating the inferior margin of tlie rib where 
the injection is to be given, to have the skin of the abdominal wall held 



Fig-. 2. — Location of points of injection for intercostai anesthesia. 


taut by an assistant. The lateral chest wall was well elevated to per- 
mit injection in the midaxillai-y line or .slightly posterior, because in 


the usual position on the operating table we have found that there is a 
tendency for the injection to be made too far foiuvard on the chest wjill 
to assure a satisfactory block anesthesia. After the skin is suitably 
prepared and the anesthetic in oil has been warmed, tlie injection is 
rade with a No. 19 needle. One can feci the needle pa.ss beneath Die 
bi^rior marmn of the rib and through the fascia covering the e.Kfernal 
intercostal inusele (Fig. 3). The point of the needle should then he m 
t o compartmeiit between the tno intercostal muscF-s adjacent to the 
ntcreostal nerve, but to make sure that the po.nt ol the n.-edle has not 
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entered the pleural cavity repeated attempts are made to withdraw the 
plunger. The injections M’ere usually started at the eleventh rib and 
continued upward to include all the intercostal nerves as far as the 
fifth or sixth, depending upon how high the upper abdominal incision 
was to be carried. 

Varjung amounts of eucupin solution in oil, from 1.5 to 5 c.c., were 
injected into the individual intercostal spaces. Effective nerve block 
probably does not depend so much upon the amount of anesthetic in 
oil which is used as upon accurate injection of the solution in relation 
to the intercostal nerves. For example, the best result we obtained 
came after an injection of onh' 1.5 c.c. into each intercostal space. For 
right rectus incisions in procedures on the biliary system, we have used 
the block anesthesia on one side only. However, if the incision was 
made near the midline and retention sutures were used, bilateral nerve 
block was carried out, as it also was for midline incisions or those 
slightly to the left of the midline. 



Diaqramatic Section 
Throuqn Midaxillary Line 


pig. 3. lUustration of point of injection, the closed intercostal space (after Bartlett). 


Since the introduction of the intercostal block is not without some 
discomfort to the patient, we now prefer to introduce it after the 
patient is asleep or at the end of the operation. However, until the 
techniciuc was acquired, we carried out blocking before the induction of 
general anesthesia. This insured complete anesthesia of the field, for 
the effectiveness of the anesthesia over the upper abdomen could be 
cliecked by needle prick, and if tlie anesthesia was not complete the 
injection could he repeated as necessaiy. In addition, this permitted us 
to test the completeness and effectiveness of the nerve block by opening- 
the abdomen without additional anesthesia. In these instances we noted 
a tendency toward increased bleeding in the wound. Except for the 
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of the rib between the external and internal intercostal muscles. This 
anatomical arrangement permits the use of relatively small amounts of 
an anesthetic solution with reasonable assurance of an effective nerve 
block. The anesthetic selected was eucupin base, 0.005 Gm.; etliyl 
aminobenzoate, 0.15 6m. ; benzyl alcohol, 0.25 Gm. ; and sufficient oil 
of sweet almond to make 5 e.c. 

The method of producing the intercostal block we employed was essen- 
tially that described by Bartlett. The side to be injected was elevated 
by a sandbag or pillow under the chest, and the arm was abducted 
(Fig. 2). It is helpful, especially in females with pendulous breasts or 
in obese individuals, in locating the inferior margin of the rib where 
the injection is to be given, to have the skin of the abdominal wall held 



Fjg 2 — Location of points of injection for intercostal anesthesia. 


taut by an assistant The lateral chest Avail A\as well elevated to per- 
mit injection in the mida.xillaiy line or .slightly posterior, because m 
the usual position on the operating table we have found that there is a 
tendency for the injection to be made too far forward on the chest wall 
to assuie a satisfactory block anesthesia. After the skin is suitably 
prepared and the anesthetic in oil has been warmed, the injection is 
made with a No. 19 needle. One can feel the needle pass beneath the 
inferior margin of the rib and thiough the fa.scia coveiing the external 
intercostal muscle (Fig. 3). The point of the needle should then be m 
t e compartment between the two intei costal mus..les adjacent to the 
h to-costal nerve, but to make sine that the po.nt ot the nec.lle has not 
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to the eleventh intercostal space in the niidaxillary line on the right 
side. Only in 1 patient was a bilateral block produced. 

Fig. 4 presents the vital capacities of these patients before opera- 
tion and on the four daj's immediately following operation contrasted 
to those of 48 women on whom similar operations were carried out with- 
out intercostal block anesthesia. The majority of the patients had a 
vital capacity greater than the median vital capacity attained by any 
1 of the 48 in the control group. The vital capacity of 1 female quite 
remarkably was not below 3,000 c.e. after operation. Six of tlie 10 were 
above the maximum on the first postoperative day, while 1 equalled the 
maximum and 3 were below. 

EFFECT OF PROLONGED INTERCOSTAL ANESTHESIA ON VITAL CAPACITY 
BILIARY PROCEDURES 



Kis. J. — Comparison of vital capacities of IS control cases before and after biliary 
operations with 10 cases m which eucupin solution in oil was injected intercostally on 
tile right side. 

Two patients, 1 with a iiilateral block, complained of pain immedi- 
ately after recovery from the general anesthesia, required morphine in 
repeated doses, and showed signs of pulmonary atelectasis within twenty- 
four hours of operation. Further vital capacity readings were not taken 
on tliese 2 patients. As far as we could determine, tlie block had failed 
and had no effect upon the pain from the surgical incision. 

An x-ray of the ehe.sl, taken eight days after operation in the patient 
with bilateral block, showed fairly marked clouding, together with some 
fiiiid at the right base hut no disphieeuieut of tlie heart or trachea. The 
left side was clear. A diagnosis of hroneiiopneumonia and pleural 
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peritoneum, the abdominal wall was, as a rule, anesthetized satisfac- 
torily. The operation was then continued under general anestliesia. 
The induction of the block anesthesia in the conscious patient also per- 
mitted studies of vital ejijiacity to determine whether interference with 
the motor innervation in the involved intercostal or upper abdominal 
muscles lowered the vital capacity. No significant change in the vital 
capacity was found. 

One question which naturally arises is whether or not the introduc- 
tion of an anesthetic in oil containing benzyl alcohol produces an imde- 
sirable reaction in the adjacent pleura or the pleural cavity, should it 
be accidentally injected therein. Although we have not been able to 
detect any noteworthy X’eactions in patients, some local reaction must 
occur judging from observations in animals. 

Eueupin solution in oil was injeeted intereostally in dogs, following 
a technique similar to that used in patients. Two cubic centimeters of 
anesthetic in oil were injeeted into four intercostal spaces. This is a 
large quantity in relation to the thin intercostal spaces in dogs. The 
depth of the site of the injection was more difficult to control in the 
animals than in human beings. Since we were primarily interested in 
the early reaction of this material, the animals were sacrificed one, two, 
seven, and fourteen days after the injection. Further studies on the 
effect of this material are in progress. 

Invariably there was a noticeable reaction about the pleui'a in the 
area injected. Also there was usually a small amount of fluid in the 
chest and a deposit of fibrin on the surface of the lung opposite the 
injection. In one animal 8 e.c. of eueupin solution in oil were injected 
directly into the pleural cavity, and the animal was sacrificed after one 
week. At autopsy a small amoxint of thin, brown fluid was found in the 
chest, a minimal amount of reaction compared to wliat might have been 
expected. The accidental injection of eueupin solution in oil directly 
into the pleural space in patients would probably be without consequence. 


RESULTS 


Like any attempt at infiltration anestliesia, the results arc not uni- 
formly successful. This can be expected, especially if a small amount 
of solution is injeeted. Furthermore, as previously stated, it is difficult 
to evaluate iu some patients the amount of discomfort after operation. 
Some neiwous, apprehemsivc individuals, despite the fact that the^* did 
not require mucli sedation for relief of their pain, did not cooperate 
when vital capacity determinations were made. 

For purposes of analysis we have divided the instances in which 
eueupin solution in oil was used as an intercostal nerve block info two 
croups: biliary operations and .gastric re.sections. The former group 
” oc Tiisde UD of 10 women, in S of whom choledociiostomy m addition 
to cholecystectomy was carried out. In 0 the block included the sixth 
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.he eleventh intercostal space in the midavillary line on the right 
side Only in 1 patient was a bilateral block produced. 

4 presents tbe vital Coapacities of these patients betore opera^ 
tion and L the four days immediately following operation contrasted 
to Lse of 48 women on whom similar operations were carried out with- 
onl Stereo^^^^^^^ anesthesia. The maprity of the parents had a 
vital canaeitv -treater than the median ^^tal eapacitj attained bj an 
1 of the 48 in the control gi'onp. The vital capacity of ® 

remarkably was not below 3,000 c.c. alter 1 eoiiaUec^^L 

above the maNimnm on the first postoperative da>, while 1 equalled 

maximum and 3 were below. 


EFFECT OF PROLONGED INTERCOSTAL ANESTHESIA ON VITAL CAPACITY 



Two patients, 1 with a bilateral block, complained of pain immedi- 
atelv after recovery from the general anesthesia, required morphine in 
repeated doses, and’ showed signs of pulmonary atelectasis within twenty- 
four hours of operation. Further vital capacity readings were not taken 
on tlu'.se 2 patients. As far as we could determine, the block had failed 
and had no effect upon the pain from the surgical incision. 

\n x-rav of the chest, taken eight days after operation in the patient 
with bilateral block, showed fairly marked clouding, together with some 
iluid at the right base but no disifiaeement of the heart or trachea. The 
left side was elcar. A diagnosis of bronchopneumonia and pleural 
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effusion on the right side was made. She liad a sustained elevation in 
temperature for two weeks, which gradually returned to normal. 

An x-iay of the chest of the second patient on the third day after 
operation showed clouding of the right base, suggesting a small amount 
of fluid obscuring the diaphragm and costophrenic angle. The lungs 
elsewhei’e were clear. This patient’s recovery was not interrupted, and 
she was discharged on tlie thirteenth day after operation. 


EFFECT OF PROLONGED INTERCOSTAL ANESTHESIA ON VITAL CAPACITY 


cc 



•piir s Coniuarison of vital capacities of 14 control cases before and after gastric 

Ti cases in wliich eucupln solution in oil was injected IntercosliiHy on 


resection with 
both sides. 


The question may he rai.sed of whether or not tiic cuciii)in solution 
ill oil was accidentally injected into the chc.st. It is our opinion 
that the intercostal nerve block was not primarily re-sponsible for 
the patients’ pulmonaiy com/)lieations. Obviously, we cannot .say that 
ivc have been able to deerea.se the incidence of pulmonary comiilicalion.s 
;n\his small series of ca.scs; altlmugh it is admittedly true that tbc.se 
Fu-o natients who developed pulmonary complications did not have a 
^ifactorj' block, as shown by their evident distress immediately after 

operation. 
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Fig. 5 is a comparisou of 5 patients submitted to subtotal gastric 
resection, when eucupin solution in oil was injected bilaterally to 
produce intercostal block, with 14 in which it leas not used. The 
majority of these were men. In general, it is difficult to compare the 
%ital capacity readings of men and ivomen. While the readings of the 
men may be as low as those of the women on the firet day, the former 
return to normal much more rapidly. As .shomi in the chart, the vital 
capacity in the control eases was abruptly lowered to 1,400 c.e. or below, 
regardless of the preoperative reading, which in two instances was as 
much as 5,500 c.e. There was some increase on the second postoperative 
day, and a sustained increase on the third day. In 4 of the 5 patients 
with neiwe block, the fall of the postoperative vital capacity was not 
nearly so marked and the vital capacity readings averaged from 2,100 
to 2,400 c.c. There was some evidence that the anesthesia was not as 
effective on the second day, in that the vital capacity shoived a trend 
to a lower level then, followed by a sustained rise. One patient after 
radical resection of the Polya tj^pe, including fundusectomy, showed a 
vital capacity on the first two postoperative days comparable to the 
maximum for the control group. There were no pulmonary complica- 
tions in the patients in whom the block was used, while there were five 
in the control group. At lea.st 2 of the patients having gastric resec- 
tion had no morphine after operation. 

If the patient has a decrease in the usual distress in the wound follow- 
ing operation, as showm by an increase in \dtal capacity, one should be 
able to demonstrate pei-sistent anesthesia of the abdominal wall. In a few 
patients we found a spotty, peisistent anesthesia the day folloiving opera- 
tion, but in the majority sensation had returned to the skin in the blocked 
area by the time of the testing. Despite the lack of local anesthesia, 
the patients did not have any significant amount of pain. This observa- 
tion coincides ivith that of de Takats, who has pointed out that with 
eucupin injection a prolonged period of analgesia follows the period 
of local anesthesia. 

One patient who complained of pain on the fii-st day after operation 
stated that the pain was located in the left epigastrium below the lower 
angle of the incision outside the zone supplied by the block. This 
“migi'ation of pain'’ after anesthetization of a painful area has been 
described by Wei.ss and Davis, who suggested that after alleviation of 
l)ain by local infiltration of the .skin with novocain, the pain may recur 
in a corresponding segment which is more sensitive. The obsei'ver must 
be aware of tins ])ossible manifestation of referred pain. 

AYhether or not these iiatients will show evidence of a chemical neuritis 
or an intercostal neuralgia, as sometimes follows paravertebral alcohol 
injection, remains to he seen. Only 2 patients of the entire group have 
complained of any d'lseomfort at the point of injection and this was 
not particularly noteworthy. 
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Although the number of patients here reported Iiaving intercostal 
neive block with an anesthetic in oil is small, the method seems to be 
of value when one considers the marked elevation in vital capacity 
during the early daj'^s after operation in the majority of instances. 
Whether the lower incidence of pulmonary complications is real or 
fortuitous remains to be seen. Clinically, and particularly from the 
point of view of the patient, the procedure appears to be worth while. 
Further investigations are in progress. 

CONCLUSIONS 

1. The block of the sixth to the eleventh intercostal nerves with 
eucupin solution in oil decreases the postoperative pain of upper ab- 
dominal incisions, as demonstrated by vital capacity measurement. 

2. The question of whether intercostal nerve block with eucupin solu- 
tion in oil will decrease the incidence of postoperative pulmonary com- 
plications can be answered only by further observations in a larger 
series of cases. The procedure seems to have merit and warrants fur- 
ther investigation and clinical trial. 
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STRlCTtTRE OP THE BILE DUCTS TREATED 
WITH A YITALLIOI TUBE 


HERiL\X E. pEAItSE, ILD., ROCHESTER, X. Y. 
(From the Department of Surgery, the Vniveriity of Socheeter 
School of Medicine and Denii»try) 


B EXIGX strictures oi the bile ducts may foUoAv injui’y dui-ing 
cholecystectomy, ulcerations from stones, or septic eholangeitis. 
They are always a diSicult situation to manage and if very extensive 
may present an insoluble problem. Two general principles have been 
used in their opex-ative repair; either an attempt to restore the lumen 
of the damaged duct or transplantation of its proximal end into the 
intestinal tract. Restoration of the duct has been done by (1) dilatation 
or division of the strietux'e, (2) plastic repair usually by the Heineke- 
ilikulicz principle, (3) excision of the sti'ictxire with end-to-end anas- 
tomosis of the duct, or (4) the use of a rubber tube to bxndge the gap be- 
tween the ends of the duet. These operations have the advantage of re- 
taining the action of the sphincter of Oddi and so prevent ascending in- 
fection. If either plastic repair or end-to-end anastomosis of the duet 
can be done without tension on the suture line, the results are often 
satisfactory. These are the best procedures for the management oi the 
less severe strictures. 

The proximal end of the eonmion or hepatic duet has been trans- 
planted into the stomach, duodentun, or jejimum. An external bdiaxw 
fistula has been utilized for transplantation into the intestine. Finally, 
indirect transplantation has been done with a tube from the hepatic 
duet to the intestine. Of these hepaticoduodenostomy has been the most 
frequently employed, but all have the possible danger of eholangeitis due 
to infection ascending from the intestinal tract into the biliary system. 
They also are prone to restricture at the site of the anastomosis. 

This report deals with the use of a buried \itallium tube to repair 
extensive strictures oi the ducts. The method was thought of in connec- 
tion with the patient in Case 1. who on two occasions was pei-fectly well 
as long as a T-tube was in the duet but who had stricture formation and 
a return of ssnnptoms after removal of the tube. The use of a buried 
tube left in place permanently was an obvious solution if one could be 
found that was .satisfactory. The work on bones and joints had .shoxvn 
that v-itallium wa,s practically inert in the tissues probably from absence 
of electrolysis. It was selected for the purpose* in the hope that it would 


Pr»;SL*nicd at the meeting of the Society of University Surgeoas at S:. Lou*‘^ Mo 
Keb. H anJ 15, 1941. *’ 


•Thf Auatenal Laboralorlc.5, Xew York City. ha\e been 
and other tubt;*, I have apprtrclaled their cooperation. 


most helpful In niaking tills 
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Although the Jiumber of patients liere reported Jiaving intercostal 
nerve block with an anesthetic in oil is small, the method seems to be 
of value when one considers the mai’ked eleA'^ation in vital capacity 
during the early days after operation in tlie majority of instances. 
Whether the lower incidence of pulmonary complications is real or 
fortuitous remains to be seen. Clinically, and particularly from the 
point of view of the patient, the procedure appears to be worth while. 
Further investigations are in progress. 


CONCLUSIONS 

1. The block of the sixth to the eleventh intercostal nerves with 
eueupin solution in oil decreases the postoperative pain of upper ab- 
dominal incisions, as demonstrated by vital capacity measurement. 

2. The question of Avhether intercostal nerve block with eueupin solu- 
tion in oil will decrease the incidence of postoperative pulmonaiy com- 
plications can be answered only by further observations in a larger 
series of cases. The procedure seems to have merit and warrants fur- 
ther investigation and clinical trial. 
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BENIGN STRICTURE OP THE BILE DUCTS TREATED 
^YITH A VITALLIUit TUBE 


HERiiAic E. Bearse, lil.D., Rochester, N. Y. 

(From the Department of Surgery, the University of Fochester 
School of ZIedicine and Dentistry) 

B enign strictures of the bile duets may foUow injm-y during 
cholecystectomy, ulcerations from stones, or septic cholangeitis. 
They are always a difficult situation to manage and if very extensive 
may present an insoluble problem. Two general principles have been 
used in their operative repair; either an attempt to restore the lumen 
of the damaged duet or transplantation of its proximal end into the 
intestinal tract. Restoration of the duet has been done by (1) dilatation 
or dimsion of the stricture, (2) plastic repair usuaUy by the Heineke- 
ilikuliez principle, (3) excision of the stricture with end-to-end anas- 
tomosis of the duet, or (4) the use of a rubber tube to bi-idge the gap be- 
tween the ends of the duct. These operations have the advantage of re- 
taining the action of the sphincter of Oddi and so prevent ascending iir- 
fection. If either plastic repair or end-to-end anastomosis of the duet 
can be done without tension on the suture line, the results are often 
satisfactory. These are the best procedui'es for the management of the 
less severe strictui'es. 

The proximal end of the common or hepatic duct has been trans- 
planted into the stomach, duodenum, or jejimum. An external biliary 
fistula has been utilized for transplantation into the intestine. Finally, 
indirect transplantation has beeir done with a tube from the hepatic 
duct to the intestine. Of these hepaticoduodenostomy has been the most 
frequently employed, but all have the pos.sible danger of cholangeitis due 
to infection ascending from the intestinal tract into the biliary system. 
They also are prone to restricture at the site of the anastomosis. 

Tliis report deals with the use of a buried vitallium tube to repair 
extensive strictures of the ducts. The method was thought of in connec- 
tion u-ith the patient in Ca.se 1, who on two occasions was perfectly Avell 
as long as a T-tube was in the duct but who had stricture formation and 
a return of symptoms after removal of the tube. The use of a buried 
tube left in place permanently was an obvious solution if oire could be 
found that was satisfactory. The work on bones and joints had shown 
that vitallium was practically inert in the tissues probably from absence 
of electrolysis. It was selected for the purpose* in the hope that it would 


Pr^.■^c‘nU•(l at the nieetiim of the SocBety of I'niver^ity Surgeons at St. Ecu's 'Mo 
Feb. If and Ij. 19 tl. e.ou.s. mo .. 

•The ,\ustenal Laboratories. Xew York City, iiave been most lieluful in makinc Uiis 
and other tubes. 1 have appreciated Uielr cooperation. “ 
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he tolerated well enough to keep the strictiu'ed duet patent. When the 
vitalliuin tube relieved the sjoiiptoms of eholangeitis and biliary ob- 
stiuetion in the fii’st patient, we were encouraged to suggest its use in 
two other patients. These are reported. 

Case 1.— M. T. (No. 151537) was admitted March 29, 1939. Tliis SO-year-old 
womau had had a cholecystectomy elsewhere in July, 1937. Slie was told that the 
common bile duct was explored and tliat several small stones were removed from it. 
Recovery was slow' and she was in the hospital five weeks. Soon after isealing of 
the wound slie began having attacks of epigastric and interscapular pain associated 
with nausea, vomiting, cliills, fever, and jaundice. 

A second operation was done elsewhere in May, 1938, at which time she was 
told a stone was removed from the common bile duct. A catheter drained bile after 
tliis operation and she felt perfectly well until after its removal. Then the symp- 
toms of pain, nausea, vomiting, cliills, fever, and jaundice returned. Intense 
itcliing, clay colored stools, and dark urine were occasionally observed. 

In the past she has liad five normal pregnancies and a laparotomy four years 
ago for uterine suspension. 

Physical examination revealed a well-developed, moderately well nourished woman 
With sallow skin, icteric scierae, three well-healed abdominal scar.s, and a liver 
palpable just below the costal margin. All other physical findings were within 
normal limits. 


Laboratory studies gave tlie following results: Blood: R.B.C., 4,200,000; 
W.B.C., 7,500; Hgb., 12.5 Gm.; differential normai; Wasserniann negative; bleeding 
time, 2^2 minutes; clotting time, 3 minutes; prothrombin time, normal; fragility 
of S.B.G., normal. Blood Chemistry: N.P.N., 33; sugar, 70; icterus index, 15; 
albumin, 2.So per cent; globulin, 2.87 per cent; total protein, (5.8 per cent; choles- 
terol, 250 mg. Urine: Specific gravity, 1.025; alkaline; albumin, 0; sugar, 0; 
acetone, 0; guaiac, negative; mic. 3 to 5 W.B.C. per field; foam test, trace of bile; 
HgCI, test negative. Stool guaiac negative, no parasites found. Duodenal drain- 
age shows numerous eiioiesterol cry-stals. Tfie glucose toleianee test shows a 
normal curve. Agglutination of the blood was found in 1:80 dilution of Biiicelln 
abortus and Br. melitensis. No agglutination for Bacillus typho.sis or B. para- 
iyphosis. X-ray of the gall bladder region .showed no opaque calculi. 

A diagnosis of stricture of the common bile duct with choiangeitis was nnido. 

At operation, April 3, 1939, the gastrohepatie ligament wa.s expo.sed, the j)ortal 
vein and hepatic artery were i.solated from dense sear tissue, but the bite duct could 
not be found. At thi.s .stage a small spot of bile was .seen up under the liver :mi] 
on traciu" its source it was found to be coming from a threadlike structure in .scar 
tissue. This was the rciim:int of tin* common duct. 'Traced upuard it led to .'i 
dilated hepatic duet containing bile under pressure, graiel, ami two stones. Below 
it led to the stump of tlie eoiuraon duet wliieli protruded about '4 iiieh above the 
pancreas. The two cuds were separated by a gap of about l>/j inches (Fig. I, If, 
but due to unusual mobility of tin* pancreas and <!uodeniim it iias possible to join 
them bv an end-to-end !uiastomo3i.s over a T-tubo (Fig, 1, Ui). Recovery vv:is un- 


eventful. . , 

M ' IS l‘>‘!9 six weeks after operation, the duct nystem was visoali/ted b> 

vr-Iv^ after injeeiion of opaque .nedia and fouml to be l-atent .so the T-tube was 
X-raj -lev J I„„ „:m-ea, vomiting, chills, fever, 

removed. - w v - fouml that -he was preg/iaat and when 

and inlluenee her symptoms tiie pregiialiey was inter fiipted 

fo'/u WM^’an obvious menace to her. 
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, , Th. strirture of the bile ducts in Case 1 extended from the upper htpaUc 

^ in\\t_r common bile duct For cKirili it is slioiin isolated but in reality it 

duct i» the lo I , ti-suc since this was the tliird operation on the bilian tract . 

vs buried in dc c ir tnil-to-cnd anastomosis o\cr a T-tube This W jm 

,i shows tlR mctli 1 I r I ,„objlit> of Uic duodenum and pancreas -.Ten months 
iV.*"\n!istomosis hul stnetund down lo a small opening but Uiu ends of tlie duct 
lit.r V 1 1 ,os. U ir bv -cir tl—ue 3. The ducts were opened without dividing the r 
W.r. *’■ '‘L'Vo om "^inother i The vlhillium tube was slipped into Uie ducts and their 
‘'S'Hor Wilis v" ere closed oveV lU The llan„e protruded through the suture line 
i driwhiiv of t'o vihillium tube showing Ui> thickening of the ends and the central 
iuiiki which acu .Ui an vnehor 
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removed from the duet above the stricture. The vitallium tube was inserted into 
the duct which was closed about it (Pig-. 1, S and S). Recovery was uneventful. 

Pollow-up examinations at monthly intervals for one year have slioivn the pa- 
tient to be in good condition. On one occasion she developed indigestion and diar- 
rhea; possibly from too much sodium tauroeholate for when this drug was eliminated 
the symptoms subsided. She is now well. 


Case 2.~B. L. (No. 16S083), was admitted Aug. 1, J940. Two years before this 
37-year-old married white woman had had a cholecystectomy at another hospital 
because of symptoms of right upper quadrant abdominal pain radiating to the back, 
nausea, vomiting, and jaundice. The wound drained for three months. Six months 
postoperatively she began having recurrent attacks of right upper quadrant ab- 
dominal pain more severe than before the operation. These have been associated with 
nausea, vomiting, chills, fever, jaundice, clay-colored stools, and dark urine. Recently 
the jaundice has been constant though it fades somewhat between attacks. 

The physical examination, except for jaundice and a healed abdominal scar, was 
negative. Temperature was 37° C.; the pulse, SO; the respirations, 20; and blood 
pressure, 120/76. Laboratory examinations showed bile in the urine; clay colored 
stool; negative Wassermann; blood N.P.N., 34 mg. per cent; sugar, 90; icterus 
index, IS; amylase, 100; prothrombin time, normal (26 seconds). X-jay examination 
of the abdomen showed no opaque calculi. 


A diagnosis of residua! common duct stone or stricture of the common duct 
was made and operation was advised. 

Operation (Aug. 5, 1940, Dr. T. B. Jones). — The abdomen was opened through 
an. upper right paramedian incision. Numerous adhesions were freed to expose 
the stomach adherent to the gall bladder bed. TJiere was a broad band of tissue 
binding the stomach to the region of the cystic duct. When tliis was divided, bile 
escaped and a small tiatula was demonstrated betiveen the stump of the cystic duct 
and the stomach. The gastric opening of this was inverted with silk. The hepatic 
artery was anomalous, being located to the right and posterior to the common duct. 
The bile duct was a fibrous cord from just distal to the hepatic ducts down to a 
point 1.5 cm. above the duodenum. The stricture was considered to be too ex- 
tensive for a satisfactory plastic repair. Consequently a vitallium tube was in- 
serted into the proximal part of the duct just below the bifurcation of the heiaitii; 
ducts and was held in place with C silk sutures. The lower part of the tube 
was sutured in place into the distal end of the common duct. But the tuo end-s of 
the duct could not bo joined over the tube. A cigarette drain was inserted through 
the right flank into the gall bladder bed some distance from the common duct and 
the wound of exploration was closed with silk sutures. 


The patient made a smooth postoperative recovery. The icterus index ua.s 30 
two days -after operation and fell to II five d-ays later after which tJie clinical signs 
of jaundice disappeared. Siic was discharged from tho liospital on the eiglitcentli 
postoperative day in good condition. 

Follow-up examinations at monthly intervals revealed her condition to be rery good 
until five months after operation at which time slic complained of gas, diarrliea, 
■iud bulky, “frothy" stools. She had gained 10 kg. in weight and wn.s eating 
-xccssivcly because her appetite was “tremendous." A blood ieterns indev was 
e^^..tmlesterol 2S3 ; and amyla.-e, 100. A low fat diet and sodium t.-niro<-lio!,-.te, 0.5 
Cm bid was prescribed. Two weeks later, Jan. 22, 1911, she hmi jaiin.lh-e with 
Wd.'in.r of' the skin and an ieteru.s iude.x of 21. There was no pain, chills, Awer, or 
- * . •••It, si with this- On .fan. 2!l the jaundice was jncr.aced with an 

\omiting in<le\ was 50 so -lie was r, -admitted to tie- hospi- 

of • 

tal for operation. 
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Operation (Feb. S, 1941, Dt. H. E. Pearse). — Peme adhesions were freed to 
e.\'pose a strictnied stamp of the commoa hepatic duet only 0.5 em. of which was 
patent below the bifurcation info the right and left hepatic ducts. A stump of scar 
tissue protruded from beneath the duodenum, and by tracing this down, a patent 
common duct was defined. This was confirmed by making a small opening in the 
duodenum to inspect the ampulla with a probe in place. The •vitallium tube had 
pulled out of the ducts and lay free beneath the pancreas and duodenum. 

The two ends of the bile duets approached one another at an acute angle so 
that when a T-tnbe was inserted into them it buckled in the middle. There was so 
much scar iu the stump of the hepatic duct that it appeared probable that a 
hepatieoduodenostomy would result iu stricture formation. Consequently the 
vitallium tube was reiuserted and the ends of the duets were sutured. The duct 
ends could only be approximated on tbeir posterior wall by the use of some tension. 
The flange on the tube protruded between the ends on the anterior surface. The 
patient stood the operation well and is making a satisfactory recoverv'. 

The following mume tvas obtained through the courtesy of Dr. 
Howard II. Clute, of Boston, who operated upon the patient. 

Case 3.— kirs. kl. L. (No. 2ISS) . 

1. Cholecystectomy for gallstones was performed elsewhere sixteen months before. 
Hemorrhage occurred from the cystic artery. A clamp was hurriedly placed and 
left in place 2-lo. It apparently included the uppermost portion of the common 
duet in its grasp. 

2. Common duct was explored four months before elsewhere because of attacks 
of pain, fever, chills, and jaundice. No stones were found. Stricture was not found. 

.3. At operation (Hr. Clute) on July 27, 193S, a stricture, almost complete, very 
high in common duct was found. The stricture was incised longitudinally, and a 
T-tube drain placed iu it. The patient was well for five months with the tube in 
place. It was then pulled out. Soon after that attacks of pain, cbHls, fever, and 
jaundice began again. 

I. -Vt operation (Dr. Clute) on .\pril 14, 1939, with great difficulty the strictured 
common duct was expo.sed. There was about one-eighth inch of common hepatic duet 
present. The duodenum was freed, and a hepatieoduodenostomy was done. A ring 
of fibrous ti.‘-.'ue about the common hepatic duct opening made us fearful that the 
new opening might contract and obstruct, .kfter six or seven months this occurred, 
and her old attacks of p.ain, chills, fever, and jaundice returned. 

0 . At operation (Dr. Clute) on Nov. 29, 1940, the common duct was again ex- 
posed and the duodenum was cut free from its anastomosis to the common hepatic 
dui-t. The anastomosis had diminished to pin-point size. The opening in the du- 
odenum was elo.-ed. The common hepatic duct was now found I.ving somewhat in 
liver tis.me and consisting really of only a ring of firm fibrous scar tissue. In the 
duct wa.s mucii detritus and many tiny black gallstones. The end of the duct was 
enlarged and the trumpet-shaped end of a vitallium tube was inserted in it (Fig. 2) 
and held .securely with two silk sutures. The distal end of the tube was placed in 
the i-onimon bile duet about one inch of which wa.-, absent. A jejunostomv wa.s made 
for pii.-topcrative feeding. Ilivovery was entirely uneventful, her highest temperature 
being UO.l ■ the cl.'ty after tiperation. 

At la.'t follow-up visit, Jan. 20. 1941, she was entirely well. 


DlficrsrflON 

The lUeratm-e has been studied, but it does not appear necessaiy to 
review it here. Those interested will find that Kehr‘ reports the earlier 
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work and that the review of Eliot" gives a good bibliography of recent 
articles on the subject. 

The implantation of a buried tube to repair strictures of the bile ducts 
is not new for it has been used to bridge temporarily an irreparable 
gap or to hold open an anastomosis. -These tubes were tied in place in 
the hope that they would loosen and pass spontaneously after restoration 
of the duet. When the use of a permanently buried tube was first con- 
sidered, it was thought that rubber would be unsatisfactmy for it 



,pj^ o. Y vitallium tube iu place In the bile ducts shown in lelation to the atoniach 

iM* liHed With barium. The bell-shapeU upper end was used by Dr. Clnte In 
to collect bile from the right and left hepatic ducts for the patient’s stricture 
w 13^ iubt^ below their bifurcation. A Y-shapod tube has aNo been suggested for this 


purpose. 


would rot. Jiidd^ reports a ca.se of a riibbci- tube I)eiii^' in place for 
six years and Brooks* tells me of a ease of iiis witli a T-ttihe still in the 
duct after six years. Vet the.se ai-e exceptions to the general rule that 
rubber begins to deteriorate in a year or so. 

Vitallium has been shown'’- " to be the be.sl tolerated of any metal in 
the ti.ssucs. It was also thought to be superior to glass or a j)lastie. 'I’lie 
strength, lack of elect rolysi.s, ami lack of ti.s.siic irritation, all rceoinnicml 
vitaliruni for this piiriiose. The tubes weie made with an internal 
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, _ ti-\iQ common bilo duct for t^^o months. 

^‘Shr™c't.onshr«s'lUtIe change m the mucolal Immg or m the ttvall o£ the duct. 


It IS felt that these tubes ot vitallium should only be used in extensive 
biliary strictures which appear irreparable by other means for the 
hazards of this permanent intubation of the ducts cannot now be fully 
estimated. The patient in Case 1 has gone one year after operation 
without difficulty. Experiments in dogs have shown that the tube re- 
mains patent for months, the metal retains its luster, there is no deposi- 
tion of pigment or salts on it, and the mucosa lining the duct is not 
seriously eroded (Fig. 3). But these experunents are only of a few 
months’ duration and it will require years for the final answer. The 
same is true of experiments to test the effect of bile on the metal. Dr. 
Robert Sewell in our laboratory has had strips of vitallium suspended 
in human bile for several months without any indication of erosion of 

the metal. 
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work and that the review of Eliot- gives a good bibliographj^ of recent 
articles on the subject. 

The implantation of a buried tube to repair strictures of the bile ducts 
is not new for it has been used to bridge temporarily an irreparable 
gap or to hold open an anastomosis. ‘These tubes were tied in place in 
the hope that they would loosen and pass spontaneousl.y after restoration 
of the duct. When the use of a permanently buried tube was first con- 
sidered, it was thought that rubber would be unsatisfactory for it 
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would rot. Judd^ report.s a case of a nibiicr tube i)einir in pi, ice for 
six vears and Brooks* tells me of a ea.se of liis witJi a T-tube still in tbe 
duet after .six .veal's. Vet the.se aie exeeption.s to the I'cneral rule that 
rubber begins to deteriorate in a year or .so. 

Vifillium has been showtr- “ to be the best t.dciated oi any metal in 
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strerndh lack of eleetiolysis, ami lack of fksne irritation, all urommeml 
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ADHESIONS FRO^r HOT LAPAROTOMY PADS 

F. E. IvuEDEL, M.D., AKD H. G. Smithey, ]\[.D., 

Charleston, S. C. 

(From the Department of Surgerp. ATeJical College of the Stale of South Carolina) 

T he proper temperature for moist laparotomy pads applied to the 
abdominal viscera has not been extensively studied. Most writers 
have urged that thev be kept warm enough to avoid cooling the peri- 
toneum. A eursorv search through the voluminous literature on adhe- 
sions revealed that only Lamsou>' and Benjamin^ have mentioned the 
obmous fact that excessively hot pads may injure the peritoneum and 
cause postoperative adliesions. Since it is a common occurrence for 
the surgeon to be handed a pad that is literally too hot to handle, a 
more careful study is indicated of temperatures that cause thermal in- 
jury to the serosa. 

IIATEBIAL AND ilETHODS 

The effect of hot laparotomy pads on the peritoneum was studied in 
a series of tweiitv-six dogs. After laparotomy through a rectus incision 
several feet of small intestine, a portion of omentum, and in some cases 
the spleen were dehvered into the wound. Pads were removed from 
laro-e beakers of sterile water at known temperature, wrung out, and 
applied to these viscera for at least two minutes. Care was taken to 
keep diying and mechanical trauma at a minimum. The wounds were 
closed and the animals were sacrificed after intervals of two to forty-nine 
da vs postoperatively. 

At post-mortem the viscera subjected to hot laparotomy pads were 
examined for the presence of adhesions. Jlicroseopic studies were made 
of involved areas. An attempt was made in other experiments to de- 
termine the thermal death point of serosal cells in spread preparations 
of omentum and mesentery supravitally stained noth neutral red and 
methvlene blue. In another studs' a comparison was made between the 
tempei-ature of moist laparotomy pads and the sensation induced in the 
surgeon holding these pads in his gloved hands. 

GROSS FINDINGS 

The effect of hot laparotomy pads on the production of adhesions in 
26 dogs is summarized in Table I. In the case of 5 control animals in 
which the pads were applied at approximately body temperature (35 to 
40° C.) no adhesions were present. In 6 dogs after laparotomy pads 
•at 45° C., 1 had no peritoneal injui-j', 4 had moderate and 1 marked 

pvesentijd at the meeting of the Societj' of University Surgeons at St. Louis Mo-, 
yeb. It 3.nd 15, 1941. ' 
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It would appear likely that the greatest value of peniianent implanta- 
tion of a vitallimn tube into the bile ducts will he to hold open a stric- 
tured area such as existed in Case 1. Its value is problematical if a 
gap is to be bridged between the ends of the duet. Here the tube may 
slip out as happened in Case 2. In such a situation it may be possible 
to free the duodenum and pancreas in order to gain mobility of the 
distal end of the common duct. The duodenum, pancreas, and duet 
could then be brought up near the hepatic duct. This was suggested by 
Dr. Earle Mahoney and was attempted at our second operation in Case 
2 but was only partially successful due to scar tissue binding the under- 
surface of the pancreas. Normally there exists a good cleavage plane 
which might permit this maneuver. 

The real test of the vitallium tube will be its use in clinical cases of 
severe biliary stricture which have not been corrected by previous opera- 
tions. Here the surgeon has little to oifer the patient so the prospect of 
benefit from the tube is sufficient to warrant its trial.* 
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Supravital studies on freshly excised omentum and mesentery 
stretched over a cork ring showed that an exposure of two nunutes 
at 50° killed some and 55° killed most of the mesothehal cells linuig the 
serosa. This immediate damage to the cells occurred whether the therma. 
injury was applied by means of hot pads before excision or by immersion 
in Locke solution after excision. 

jj perception OF TEltPER.VTURE 

During operation the surgeon is handicapped in perceiving the ap- 
proximate temperature of moist laparotomy pads because of the insulat- 
ing effect of rubber gloves. A pad at 45° C. does not feel warm at all, 
unless compressed in the cupped hands for some time A pad at oO 
feels comfortably warm after beuig held for about fitteen seconds . 
pad at 55° is noted to be hot after five seconds but can be held in- 
dcfinitelv without discomfort. Only above 55° are pamtul sensatiorm 
produced. The perception of heat is more rapid and more accurate 
when the gloved hand is immersed in the water, since the area of contact 
is m-eater and there is no cooling of the water during the period of 
observation With immersion 50° is felt as warm in five seconds, while 
55° is perceived as hot in three seconds and becomes somewhat uncom- 
fortable in about fifteen seconds. Therefore either method of testing 
the temperature with the gloved hand is not accurate enough to avoid 
the use of pads that may cause thermal injury to the serosa. A pad that 
feels hot to the surgeon is too hot for the delicate peritonemn by some 

5 or 10° C. 

DESCt'SSION 


Since hot moist laparotomy pads under the conditions of these experi- 
ments caused severe damage to the peritoneum, the question should 
be raised whether they are necessary for routine packing and retraction. 
\o studies were found in the literature to support the widely held belief 
that pads below body temperature are harmful. It seems quite un- 
likelv that moist pads at room temperatm-e cause any local damage to 
the bowel. It is also questionable that their lower temperature would 
incite reflex changes or cause enough loss of heat to contribute ap- 
preciably to the production of shock. It has been adequately demon- 
strated that refrigerated blood and saline solution at room temperatui-e 
can be injected intravenously u-ithout harm protuded the rate of injec- 
tion is not excessively rapid. In any case temperatures above 45° C. 
are not necessary to avoid chilling, if the pads are not allowed to become 
cold before being applied. 

Even when warm pads are required in special circumstances, precau- 
tions may be observed. In the application of a warm pack to hasten 
return of circulation in determining the viability of a loop of intestine 
after release of a strangulation excessive heat would seem particularly 
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T^vble I 


Number and Degree of Adhesions Produced in 26 Dogs by Appeication of Hot 

Laparotomy Pads 


temperature 

(c.) 

DOGS 

1 ADHESIONS 

SLIGHT 

MODERATE 

MARKED 

35-40° 

0 

0 

0 

0 

45° 

6 

0 

4 1 

1 

50° 

S 

1 

1 

6 

55-65° 

7 

2 

1 1 

4 


adhesions. Moderate adhesions consisted of several bands or a single 
loop firinlj’ adherent, ilarked adhesions involved many loops of in- 
testine. Of 8 dogs after laparotom 3 ’^ pads at 50° C., 6 showed massive 
adhesions, 1 moderate and 1 slight adhesions. After higher tempera- 
tures, 55 to 65° C., 4 of 7 dogs had massive adhesions, 1 died of peri- 
tonitis, and 2 showed a single adhesive band on the ileum. During 
operation intense hj^peremia and in some eases punctate subserosal 
hemorrhages were noted to result from excessively hot pads. 

The densitj' and firmness of the adhesions varied with their duration 
and also with the extent of peritoneal damage. The moderate adhesions 
from 45° pads were largelj" thin bands ivhile those from 50° and above 
consisted of broadlj" approximated bowel-to-bowel adhesions. As early 
as ten daj's postoperatively these broad adhesions could scarcely be 
pulled apart without tearing the bowel wall. Attacliment of the omen- 
tum to the involved areas was often extensive but rarely firm. 

Apparentl}’- the omentum and the peritoneal suture line were the only 
structures to take part in tJie formation of adhesions i;egardless of their 
exposure to hot pads. The parietal peritoneum and other portions of the 
gastrointestinal tract not subjected to thermal trauma did not become 
involved. Hot pads to the spleen produced fibrinous and fibrous thick- 
ening on its surface, omental attachments, but no adhesions to the neigh- 
boring stomach, colon, or parietal peritoneum. 


JIICROSCOPIC OBSERVATIONS 


Sections revealed that de.stniction of serosa, with one execiition, was 
relatively slight after 45° pads. These adhesions, therefore, tended 
to become stretched out into thin band.s. After 50° or more the small 
intestine was extensively denuded of serosa and the suiiserosal ti.ssues 


became attached to other raw areas or to omentum. An inten.se tihro- 
blastie re.sjionse took place in these adherent loops of boicel, which e.x- 
tended in some ca.ses deep into the museiilaris. I-'ilirous replacement 
bemn in about two weeks with little or no tendency for the adhesions 
to*^bccome stretched out. When an inter/aesed proiuss of omentum 
limited the area of attachment between loops of bowel, the bi-i<lging of 
the denuded surfaces by tibro.es tL.,ue .seemed h-.vs nurhed. 



the late RESL-LTS k acute pekpobated peptic ulcer 

TREATED BY SlilPDE SUTURE 

With P-\rtigul.\R Refeken'Ce to rMuLTiPEE Ulcek 
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{From the Department of Surgery of iiie Meaxcai 
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K CUTE perforated peptic ulcer still constitutes a grave surgical d^- 
A ease as re-ards both early and late prognosis. Since advocacy by 
Mikulicz^’ in 1880 of simple suture, this in general has been the metho 
of treatment most widely used throughout the civilized uorld 

The accurate authentic “"f , 

of the duodenum Avas apparently made by Penada in If 93. Geiar 
in 1804: cited a case of spontaneous perforation of the duodenum. There- 
after in the first half of the nineteenth century, there are many le - 
attei in ui nerforations of the intestine, m particular of 

duodeLl^iRers. On reading one of them (Bainbridge^) one gathers 
that the condition was well recognized by leading practitioners of the 

‘It’ “s SrS'i'm" petiomanc. by Billroth in 1881 
ot arfirrslcccsstul partial gastrectomy, and by WoHer in 1881 ot the 
fct iroeuterostoroy, that early operations for acute “perioralm 
peritonitis” rrcre fl.sl performed. In the earlier cases, all the patients 
S and at autopsy tbere tvere found perforated peptie to ytteb 
flmuentlv bad been orerlooked at operat.on. Either Huesuer- or 
TcSpfrpS 4 1S92 was the first to suture successfully a perforated gastric 
1 Kilt tlie orii^inal article does not state which of these two actually 
SS;“d tte 0 P°e.ati„„. And Dean- in 1894 teas ptpbably the first 
to suture successfully a perforated duodenal ulcer (though the patient 
lied on the nineteenth postoperative day of intestinal obstruction). 

We early histoiT of operations for perforated duodenal ulcers up to 
1901 is well recorded by yioymihan,' who reported 51 cases, including 2 
of bis own. In a later article on gastric and duodenal ulcers, kloynihan,® 
jn his article ou duodenal ulcers alone, again advocated comple- 
Wntary gastroenterostomy in addition to simple suture, if it appeared 
“that a stricture of the bowel will inemtably result.” 

'^ilc simple suture has been the most widely used method of therapy, 
others have also been used; namely, simple suture plus gastroenteros- 
tomv, excision of tbe ulcer combined with some type of pyloroplasty, 
and' primaiy gastric resection. On a review of the literature, there 
seems still to exist considerable difference of opinion not only as to tbe 
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muk'.sinibk', .sitico slowiiiff of cirfiiliitioii inerca.so.s tJic .siLsecplibility of 
tissues to tlieniial in, jury. Hot packs are I’recpientiy eini)loyed for 
lieiiioslasis in llie pelvis, j:all bladder rcf'ion, and .splenic bed. Jf con- 
tael of .such hoi packs with the .jejunum and ileum is avoided, the likeli- 
hood of troublesome iidhesions is minimized. The temperature that will 
most effectively control capillary ooziii" is above the threshold of thermal 
injury to the serosa. 

SL'.M.\f.\I£V , 

[u a series of iIo".s hot moist laparotomy pads eau-sed injury to the 
peritoneum aiul posUiperative mllie.sion.s. Temperatures of 50° C. 
(122° K.) for two minutes caused severe damai'e to the scro.sa of the 
small intestine. Some evitlenee of thermal injury occurred at 45° C. 

It is eoncluded that liot lajjarotomy j>ad.s, e.'ccept for hemostasis, are 
unneee.ssary, harmful, and may i)lay a role in the formation of post- 
operative peritoneal adhesions in man. 


niU'Kin.wct-s 


1. O. l'\: 


jOtJ 




2. Liimsoii, 0. i'.: 

3. Benjamin, A. B. 

•1, 1931. 


Ailhe.sions of tUo L’lijiur AhUomun, S. Clin. North America 4: 

Upper Abdominal Adhc.-'ionii, Nortln\e>t !^^ed. 35: 293, 1936. 
: Post-operativo Peritoneal A(ihc.">ion>, Jlinne.iota ited. 17: 



THE LATE KESULTS IN ACUTE PERFOKATED PEPTIC ULCER 
TREATED BY SIMPLE SUTURE 

With Partigul.vb Reference to JIuetiple Ulcer 
Edward F. Parker, M.D., Charleston, S. C. 

(Fro^n the DepaMt of Surgery of the ZIedical College of South Carolina and the 
Surgical Service of Roper Hospital) 

K CUTE perforated peptic ulcer still constitutes a grave surgical dis- 
A ease, as regards hotli early and late prognosis Since J 

Mikulicz' in ISSO of simple suture, this in general has been the method 
of treatment most widely used throughout the civilized world 

The first accurate authentic description of an acute peiToiated u cei 
of the duodenum was apparently made by Peiiada- m li93. Gerard 
in 1804 cited a case of spontaneous perforation of the duodenum, her - 
after in the fii-st half of the nineteenth century, there are many ref- 
erences to spontaneous perforations of the mfestme in particular o ^ 
duodenal ulcers. On reading one of them (Bambndge ) one gathers 
that the condition was well recognized by leading practitioners of the 

time, and especially by pathologists. •r-u . tv, in 

It was not however, until after the perfomance by Billroth in 1881 
of die first successful partial gastrectomy, and by Wolfer in 1881 of the 
first gastroenterostomy, that early operations for acute ‘ perforative 
neritonitis” were first performed. In the earlier cases, all the patients 
died and at autopsy tliere were found perforated peptic ulcers which 
frequently had been overlooked at operation. Either Huesner'' or 
-Kxiticte in 1892 was the fii’st to suture successfully a perforated gastric 
uleei^ hut the original article does not state which of these two aetnally 
perfonned the operation. And Dean® in 1894 was probably the first 
to suture successfully a perforated duodenal ulcer (though the patient 
died on the nineteenth postoperative day of intestinal obstruction). 

The early history of operations for perforated duodenal ulcers up to 
1901 is well recorded by Jlojmihan," who reported 51 cases, including 2 
oi Ms own. In a later article on gastric and duodenal ulcers, Moynihan,® 
as in his article on duodenal ulcers alone, again advocated comple- 
mentavy gastroenterostomy in addition to simple suture, if it appeared 
“that a stricture of the bowel will inevitably result.” 

While simple suture has been the most widely used method of therapy, 
others have also been used-, namely, simple suture pins gastroenteros- 
tomy, excision of the ulcer combined with some 13^)6 of pyloroplast 3 -, 
and primav-j^ gastric resection. On a review of the literature, there 
seems still to exist considerable difference of opinion not onty as to the 

presented at the meeUng of the Society of University Surgeons at St, Louis. Mo., 
Feb. It and lo, 194X. 
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method of choice, but also as to the beneficial results to he obtained from 
any given method. 

The purpose of this article is to report a study of the late results of 
the treatment of acute perforated peptic ulcer by simple suture; to 
review the literature on the late results of its treatment by this and 
other methods ; and to point out the frequent high incidence of multiple 
peptic ulcer. 

MATERIAL 


From 1921 through 193S there were admitted to the Roper Hospital 
52 cases of acute perforated peptic ulcer treated by immediate opera- 
tion. Of these cases, 25 survived, while 27 died, a mortality rate of 52 
per eent. Of the 25 patients who survived, we have been able to obtain 
satisfactory follow-up studies in 18. 

The 18 cases (see Table I) followed were operated upon by a number 
of different surgeons. In all of the IS cases, the treatment was im- 
mediate operation with simple suture. However it is to be noted that in 
5 of the 18 eases, other procedures in addition to simple suture were per- 
formed. In Case 3, the ulcer was “cauterized" preliminary to simple 
suture. In Case 5, the ulcer was “cauterized with the actual cautery” 
preliminary to simple suture at the primazy operation. In Case 6, the 
ulcer was “cauterized with the actual cautery” and associated appendec- 
tomy was also peiformed. In Case 7, the ulcer was “cauterized with 
iodine” preliminary to simple suture. In Case 10, the ulcer was “cau- 
tei'ized and excised with the actual cauteiy” preliminaiy to simple 
suture. 

In this series, there were no cases treated by excision of the ulcer 
plus pyloroplasty, bj^ simple sutui-e plus gastroenterostomy, or by pri- 
mary partial gastrectomy. 

The pui’pose of the data, gathered on these 18 patients, was to de- 
termine the late results of the primary operation. In eacli case, the 
patients wez-e personally interviewed and examined by the author, except 
those eases who had had readmission to the hospital subsequent to the 
primary opei-ation, and were found “not well” at that time. All eases 
classified as “well” had recent examination. In no case was a question- 
naire resorted to. The late results of any secondary operations per- 
formed on any of the patients were not determined. 

The late result of the primary operation in eaeii case is classified 


either as “well” or “not well.” In reviewing the literature, the cla.ssifi- 
eation of the late results ms given by other authors is anylliing Imt uni- 
form. In this .serie.s, by the term “well,” it Ls meant that the patient 
considered himself well. al>le to work with freedom from pain and vomit- 
in'--* that little or no care had to be taken rvgarding the diet, and that 
roeiit-'t-nolo-de examination of the stomach and dnodeiinm after a 
harhm im-al showed no evidence of an a.-tive jh-jU.-.- ulcer, fin one of 



P-UIKEB; ACUTE PERFORATED PEPTIC ULCER 


51 


the 6 cases classified as “well,” a I’oentgenologic examination could not 
be obtained.) By the term “not well,”' it is meant that the patient con- 
tinued to have, or had at some time subsequent to the primai-y opera- 
tion, s 3 'mptoms which could be attributed to the persistence or recurrence 
of a peptic ulcer or complications therefrom. In all of the 18 cases, save 
2, the presence or absence of a peptic ulcer or complications such as 
pjdoric obstruction was proved at subsequent operation, autopsy, or 
roentgenologic examination. (In 1 of the 12 cases classified as “not 
well, ’ ’ the roentgenologic examination was refused, and the diagnosis was 
made on what was considered indispirtable clinical evidence.) 

The site of the ulcer at the primary operation was gastric in 4 eases, 
pjdoric in 5 cases, and duodenal in 9 cases. These ^Yere the sites as 
recorded, but in several cases it was stated in the record, as is well 
known, that the exact localization was difficult to determine due to the 
presence of a fibrinous exudate on the serosa about the ulcer, obscuring 
the pjdoric vein. In this series, all of the ulcers were on the anterior 
wall of the stomach, pylorus, or duodenum. In no ease were multiple 
ulcei-s observed at operation. 

Of the IS cases followed in order to determine the late results of the 
primary operation, 6 cases, or 33 per cent, were found to be "well” and 
12 cases, or 6T per cent, were fovmd “not well,” after varying periods 
of time elapsed following the primary operation. The duration of time 
since the primary operation for which the cases classed as “well” were 
followed was 9, 6, 4, 21/2 years, and 1 year. In the “not weU” cases, the 
time followed varied from 7 months to 8 years. 

Six of the IS eases, or 33 per cent, were subjected to secondary op- 
eration. Three of the 6 cases required immediate secondary operation 
for a subsequent acute perforation. In these 3 cases, the second per- 
foration occurred from. 1 to 5 years following the primary perforation. 
Thus, 3 of the IS cases, or IT per cent, had a second perforation. The 
other 3 secondaiy operations were gastroenterostomies. In 1 ease 
gastroenterostomy was performed for pyloric obstruction two years 
following the primary operation. In the other 2 cases gastroenterostomy 
%vas performed for the persistence of symptoms 1 year, and 2 years fol- 
lowing the primary operation. 


With full realization of the small number of patients in the series an 
attempt was made to determine any possible relationship between ’pa- 
tients remaining weU or haring persistence or recurrence of sjmiptoins 
and the following factors: age, race, duration of ulcer stmiptoms prior 
to primary operation, duration of primary perforation prior to closure 
the site of the ulcer, the size of the ulcer, the rise of di-ainage at the 
primary operation, complications of the primary operation and the 
diet and occupation after the primari' operation ’ ^ 

In the cases followed, the ages of 'the 6 patients who remained well 
foUowmg the primary operation varied from 23 to 48 years, while The 
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ao-es of tlie 12 patients avIio did not remain Avell following the primary 
operation varied from IS to 53 years. Tims it did not appear that age 
was a factor in the late result. 

All of the IS patients followed were males. 

Seven of the IS patients followed were negro. Of these 7, only 1 
remained well. The other 11 patients followed were white, and of these 
5 remained well while 6 did not. 

In the 6 patients who remained well, the duration of ulcer symptoms 
prior to perforation varied from 3 weeks to 10 years. In the 12 who did 
not remain well, the duration of ulcer symptoms varied from 3 weeks to 
11 years, and 1 of these 12 patients who did not remain well gave no 
history of ulcer sj-mptoms whatever prior to perforation. Thus it did 
not appear that the duration of ulcer symiptoms prior to perforation was 

a factor in the late result. , . ^ 

In 5 of the 6 patients remaining well in whom the duration of per- 
foration prior to primary closure was loionm, the duration varied from 
3 to 9 hours with an average of 6 hours. In the 12 patients not remain- 
ing well, the duration varied from 3 to 26 hours, averaging 10 hours. 
This difference did not appear to be a significant factor in the late 

result. 1 

The site of the ulcer at the primary operation did not appear to be a 

factor in the late result. In Table II is shoivn the site of the ulcer in 

those remaining well and in those not remaining so. 

Table II 


Site of Ulcer ix Kelatiox to L.vte Result 


1 '' — 

CASES TVELE 

CASES KOT ■'.YEEIi 

Gastric 


2 

Pvloric 

1 

4 : 

Duodenal 

3 

6 


In 9 of the IS cases in which it was stated, the size of the nicer at the 
primary operation varied from 1 to 3 cm. in diameter, and did not ap- 
pear to be a factor in the late result. 

Drainage at the primary operation was instituted in all hut 5 of the 
18 eases, and did not appear to be a factor in the late result. 

Complications of the primary operation occurred in 8 of the 18 cases. 
In 5 of the 8 eases, infection of the wound occurred; in another, disrup- 
tion of the wound; in another, a pelvic abscess; and in the other a sub- 
diaphrasmatie abscess followed by a peritoneoplenrobronchial fistula. 
Of the 8 cases complicated, only 1 remained well— -the 1 complicated by 
a peMc abscess. In the 10 cases uncomplicated, 5 remained ivell and 
5 did not. Even so, complications of the primary operation did not ap- 
pear to be a factor in the late result. 

In 11 of the 18 cases in which it was recorded or ascertained, 7 pa- 
tients followed a diet and i followed no diet after the discharge from 
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tronbte- and haviag dyspepsia. Various turtbei- examples o£ the lack 
rmSoX iP erassmeatiou of the repotted late results could he 

f say that for the purpose of 

™ the literature and the report of this senes, all of the pienouslj 
ported late results have been reclassified by the author, mto two groups, 
“well” and ‘‘not well.” For instance, in the case ot one of the e - 
aniples cited above, those classified as cured are reclassified in this 
article as “well” and those classified as having grave trouble^ and 

• 1 . +>iA mticnts renoiled as those considering tliemsehes iiell, 

article are ^ ^ their usual work with freedom 

rn"d lud imviug .0 ox..ei,o httle or ™ core re- 

gaidin^ the • are cited in the foregoing tables ni 

K MhlrnreTefhiitelv stated in the original article by the author, the 
which theie a e the primary operation, the type of operation per- 

foraied in each case, the time followed after operation, and m which it 
Uleved satisfactory criteria for study of late results were used, 
Tp^r 0 tbe exoluxiou of those series in uMd, the 

T-ible III 

•O orxou-vn T ttTE Sesclts of Acute Peeforated Peptic Iii.CEE Tre-ited 
PBE iaorsiv Reported - Sijiple Suture 


author 


YE.U1 

re- 

ported 


so. OF 
CASES 

fol- 

lowed 


SO. OF 
CASES 
WELL 


SO. OP 
CASES 
SOT WELL 


SO. OF all 
FOLLOWED 
CASES H.VntSG 
REOPERATIOS 


Brown^ 

itillsw 

Platou” 

L'rrutiai2 

I)ineeu>3 

Bryce** 

Hintoni^ 

White and 
Patterson*® 
Shelley** 

Gilmore and 
Saint*® 
Scotson*® 
Rousselins^o 
Caivets* 

.Sallich-' 

Guthrie and 
Sharer^® 
Cabiglio=* 
Marine^* 
Raven=« 

Cable=* 

Eliason and 

•All duoaenat 


1925 

1925 

1929 

1929 

1929 

1930 

1931 

1931 

1932 

1932 

1933 
1933 

1935 

1936 
1936 

1936 

1936 

1936 

193S 

1938 


26 

7 

16 (60%) 

1 (14%) 

10 (40%,) 

6 (86%) 

25 

6 (24%) 

19 (76%) 

<)<> 

11 (50%) 

11 (50%) 

95 

77 (81%) 

18 (19%) 

100 

32 (32%) 

68 (68%,) 

43 

23 (53%) 

20 (47%,) 

19* 

13 (68%,) 

6 (32%) 

29 

15 (51%) 

11 (49%) 

44 

17 (40%) 

27 (60%) 

63* 

25 (40%) 

38 (60%) 

27 

12 (44%,) 

15 (56%,) 

15 

3 (33%i) 

10 (67%,) 

45 

16 (36%,) 

29 (64%) 

53* 

41 (77%, ) 

12 (23%) 

37 

20 (54%) 

17 (46%) 

10 

3 (30%,) 

7 (70%) 

58* 

32 ( 00 %,) 

26 (45%) 

24 

S (33%) 

16 (67%) 


15 (70%) 

7 (30%) 


1 (U%) 

11 (ii%) 

5 (23%) 
10 ( 11 %) 
13 (15%) 
S (18%) 

2 ( 10 %) 


5 (19%) 
5 (33%) 

10 (19%) 

7 (19%) 

(23%) 

-1 (18%) 


13 
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the hospital following the primary operation. The diets followed were 
of the soft, bland” variety, and wei'e followed in no case less than two 
months, and in several eases for as long as a year. Of the 7 patients 
following a diet, 2 remained well aird 5 did not remain so. Of the -t 
following no diet, 2 remained well and 2 did not remain so. Thus it 
would appear that the diet of the variety stated above following the 
primary operation was not a significant factor in the late result. 

The oeenpation following the primary operation was Imown in 10 of 
the IS cases. Four of the 10 patients remained well; 3 of the 4 did very 
heavy work, such as stevedoring, while the other was a salesman. Six 
of the 10 patients did not remain well ; 4 of the 6 did heavj' work, 1 was 
a' elerk, and 1 was unable to •work because of abdominal pain. Thus the 
oeeupation following tlie pz'imary operation was not a factor in tlie 
late result. 

Six of the IS patients followed, and therefore 6 (50 per cent) of tlie 
12 patients not remaining ivell after the primary operation, had sec- 
ondaiy operations. Three of the 6 secondary operations were emergency 
operations for a second pei'foi’ation. Two of the 3 cases of reperfora- 
tion were duodenal ulcers at both the pn'niary and secondary opera- 
tions, while the third was a perforated pyloric ulcer at tlie primary 
operation and a perforated gastric ixleer at the secondary operation. 
The other 3 patients having secondary operation all had gastroenteros- 
tomies performed. In 1 ease, the gastroenterostomy was performed for 
pyloric obstruction, while in the other 2, it was performed for per- 
sistence of nicer symptoms. In the 3 patients having gastroenterostomy, 
the site of the ulcer at the time of the primary operation was 1 gastric, 

1 pyloric, and 1 duodenal, in each instance. Thus it would ajipoar that 
there were no factoi’s of significance relating to the late result as re- 
gards secondary operations. 


RKVIEW OP UTEK.\TUKE 

There have been many reports by variou.s authors of tiie late re.sults in 
the treatment of acute perforated peptic ulcer by the difterent mctiiod.s 
which have been used. 

The four methotls which have been used are .simiile suture, simple 
suture with com])iementary gastvoentcrastoiny, exci.sioa of the uh-er with 
fomplementary pyloroplasty, and primary gastric jisertio/i. The mini- 
her of reports on tiie late vesult.s by the different metlHids have aj)j(eare(i 
in relative freipieney in tlie order named above, a.s one U'ouM c.vjact. 

In tlie variou-s reports, the systems of ehu-sitiealioii vary eoa.Titlei-.ihly. 
Tluv one finds the re-.ult.s ela.-vsitied aeeording to (.'rade-, f. If. Iff, IV. 

mother one timU three -roa{.s: free of eomplaiot ; h.ivimr ,y.-aptofa. 

^ H ■ to carry on their work on a striel diei; and rujuin d r-opera- 
don.'" 'in 'another, the cM-.es arc reported a.: eund: h.r.iag gr.iv.- 
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Table YI 


Previously Reported Late Results of Acute Perforated Peptic Ulcers Treated 

BY Partial GASTr>ECToiiy 


AIjTHOR. 

YE.m 

REPORTED 

KO, OP CASES 
POELOWED 

KO. OP CASES 

VrELL 

xo. of cases 

XOT WELL 

Pauls^ 


11 

11 

0 

Hiowada aiwi Newtuanss 

1922 

13 

' 13 

0 

Odelbergar 

1927 

S 

7 

1 

Luqaetss 

1936 

2 

2 

0 

Alariae^a 

1936 

19 

19 

0 


In Table VI are the previously reported late results of the treatment 
by primary partial gastrectomy, of which there have also been com- 
parativelj- fe^Y. Of a total of 53 eases followed, 52, or 98 per cent, re- 
mained well, while only 1 case, or 2 per cent, did not remain well. 

MSCUSSIOK 

Prom a study of the literature and of the series herein reported it is 
apparent that the late results of the treatment of acute perforated peptic 
ulcer are poor, except by primary gastric resection. That is, in those 
treated by simple suture, it is safe to say that approximately 50 per cent 
will not remain well, and an appreciable number of these will necessarily 
have to have some subsequent operation. The late results of the treat- 
ment by suture plus gastroenterostomy and by excision plus pjdoroplasty 
as reported are more favorable, but the reasons for this are certainly not 
clear. 

There should be a definite reason for these poor results, and the most 
likely reason would seem to he the existence of multiple peptic ulcers in 
an appreciable percentage of the patients presenting the disease of 
peptic ulcer. 

In the series herein reported, some of the patients remained appar- 
ently perfectly well until a year or two following the primary opera- 
tion, only then to have a recurrence of sjTnptoms. Other authors^-* have 
reported cases in whom the symptoms have recurred as long as five 
years after the primary operation. In such eases, it seems only logical 
either that an old ulcer has become active again or that one or more°new 
ulcers have appeared. In this series, one of the patients having two per- 
forations had a pyloric ulcer at the primary operation and a gastric 
at the secondary. Not included in this series because of death by gen- 
eralized peritonitis is a recent patient upon whom I operated for per- 
forated duodenal ulcer. At autopsy, there was a duodenal ulcer on the 
posterior wall, immediately opposite a perforated ulcer on the anterior 
wall. It is perfectly obvious that this patient would probably have had 
persistent symptoms even if the anterior wall ulcer healed completely 
and promptly. 

A .significant incidence of multiple ulcers, or sears considered to he 
the result of previous peptic ulceration, is further borne out bv a stiidv 
of pathologic material. 
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results of qiicstioniuiire.s Were used, without personal interviews and 
examinations of the patients. 

Izi lable III are sJiowp tiie previously reported late results of tlie 
treatment of aeutc perfor^ited peptic ulcer by simple suture. It is to 
be noted that the percentage of cases followed remaining well, varied 
from a high of 86 per cent to a low of 14 per cent. And conversely, of 
course, the ])ereentago not remaiju'jig well varies from a low of 14 per 
cent to a high of 86 per cent. As an average, of the total number of 
764 cases followed, 388, or 51 per cent, remained well, while 376, or 49 
per cent, did not remain well. In the reports in which it was recorded, 
of a total number of 524' eases followed, 96, or IS per cent, were sub- 
jected to secondary operation. 


Table IV 

Previously Eecorted Late Results op Acute Perforated Peptic Ulcer Tee.\ted 
BY Suture Plus Gastroenterostomy 


AUTHOR 

YEAR 

REPORTED 

NO. OP CASES 
FOLLOAVED 

NO. OF CASES 
WELL 

NO. OP CASES 

NOT WELL 

Millsio 

192.5 

14 

10 (70%) 

I (30%) 

Dineeni3 

1929 

7 

5 (71%) 

2 (29%) 

Platouii 

1929 

1.5 

15 (100%) 

0 

Urrutiai2 

1929 

12 

4 (33%) 

8 (67%) 

JudinesB 

1939 

48 

25 (52%) 

23 (48%) 

White and Pattersoni« 

1931 

6 

4 (67%) 

2 (33%) 

Shelieyiz 

1032 

19 

16 (84%) 

3 (16%) 

DeMourges^o 

1932 

68 

42 (62%) 

26 (38%) 

SeotsoniB 

1933 

14 

S (57%) 

6 (43%) 

Rousselinsso 

1933 

3 

3 (100%) 

0 

Marine25 

1936 

30 

19 (63%) 

11 (27%) 

Raven^e 

1936 

59 

39 (68%) 

20 (32%) 

Curtilletsi 

1937 

12 

8 (67%) 

4 (33%) 

Eliason and Tliigpeiiss 

1938 

21 

16 (76%) 

5 (24%) 


In Table IV are sliown the previously reported late results of the treat- 
ment by suture plus gastroenterostomy. Here, again there is consider- 
able variation in the number of patients remaining well, varjdng from 
a high of 100 per cent to a low of 33 per cent. Of the total number of 
328 cases followed, 214, or 65 per cent, remained well, while 114, or 35 
per cent, did not remain well. 

Table V 


Previously Reported Late Results op Acute Perforated Peptic Ulcers Treated 
BY Excision Plus Pyloroplasty 




Y^EAR 

NO. OF CASES 

NO. OF CASES 

NO. OF CASES 

author 

REPORTED 

followed 

AVELL 

NOT AVELL 

Rowlands anti Turnersa 

1937 

12 

7 

0 

GrimauRBs 

1939 

10 

10 

0 

Williams and W'aisn^-* 
ITintoni^ 

1930 

1931 

G 

5 

3 

1 

4 

— 


Ii Table V are shown the previously reported late results of the 
«.!impnt bv excision and pyloroplasty, of which there liavc been eom- 
® ^ of a total of 33 cases followed, 23, or 70 per cent, 

;!mhSl''weTl,' while io, or 30 per cent, did not remain well. 
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Table VI 

Previously Reported I.ate Kesvlys op Acute Perforated Peptic Plcers Treated 

BY Partial Gastrectomy 


“ — 

author. 

YEXR 

KEPORTED 

XO. OF CASES 
FOLLOWED 

KO. OF CASES 

XO. OF CASES 

xor 'WELL 


Paul*A 

■ 1922 

11 

11 



Hxomaiia and XevfinanA® 

1922 

13 

' 13 



Odelbergsr 

1927 

S 

7 

1 


Luquet^s 

193f> 


0 



ilarine^s 

1936 

19 

19 

0 


In Table VI are the previously reported late results of the treatment 
hy primary partial gastrectomy, of Avhieh there have also been com- 
paratively feAY. Of a total of 53 eases followed, 52, or 98 per cent, re- 
mained well, while only 1 case, or 2 per cent, did not remain well. 

DISCUSSION' 

From a study of the literature and of the series herein reported it is 
apparent that the late results of the ti-eatment of acute perforated peptic 
ulcer are poor, except by primary gastric resection. That is, in those 
treated by simple suture, it is safe to say that approximately 50 per cent 
win not remain well, and an appreciable number of these will necessarily 
have to have some subsequent operation. The late results of the treat- 
ment by suture plus gastroenterostomy and by excision plus pyloroplasty 
as reported are more favorable, but the reasons for this are certainly not 
clear. 

There should be a definite reason for these poor results, and the most 
likely reason would seem to be the existence of multiple peptic ulcers in 
an appreciable percentage of the patients presenting the disease of 
peptic ulcer. 

In the series herein reported, some of the patients remained appar- 
ently perfectly well until a year or two following the primary opera- 
tion, only then to have a recurrence of symptoms. Other authors^* harm 
reported eases in Avhom the symptoms have recurred as long as five 
years after the primary operation. In such cases, it seems only logical 
either that an old nicer has become active again or that one or more new 
ulcers have appeared. In this series, one of the patients having two per- 
forations had a pyloric ulcer at the primary operation and a gastric 
at the secondary. Not included in this series because of death by gen- 
eralized peritonitis is a recent patient upon whom 1 operated for per- 
forated duodenal nicer. At autopsy, there was a duodenal ulcer on the 
posterior wall, immediately opposite a perforated ulcer on the anterior 
wall. It is perfectly obvious that this patient would probably have had 
persistent sjnnptoms even if the anterior ivall ulcer healed completely 
and promptly. 

A significant incidence of multiple ulcers, or sears considered to he 
the result of previous peptic ulceration, is further borne out by a stiidv 
of pathologic material. 
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In the surgical pathologic protocols in the Department of Pathology, 
we find in 9 stomach specimens resected for peptic ulcer that in 3 of 
the specimens there were multiple ulcers and/or scars; in one of the 3 
specimens there were five ulcers and an old scar; in another there were 
an old ulcer and an old sear; in the third there were "midtiple” ulcers. 
In an additional 5 specimens consisting of the pyloric end of the stomach 
and the first portion of the duodenum, the ulcers were solitary. In an 
additional duodenum specimen, there wei’c two uleei's. Thus, in a total 
of 15 specimens observed, multiple ulcers and/or scars occurred in 4 
cases (27 per cent). 

In a study of the autopsj’ protocols in the Department of Pathology, 
peptic ulcer 'was encountered in 44 cases. These cases consisted of all 
those patients in whom some complication of an ulcer was the cause of 
death, and also those in whom peptic ulcer was an incidental finding. 

In 27 autopsA' eases presenting gastric ulcer alone, multiple ulcers 
and/or scars occurred in 7. These 7 eases consisted of 1 ease of 
“multiple” ulcers; 3 eases of two ulcers; 1 case of an ulcer and a scar; 

1 case of two ulcers of which one was perforated; and 1 case of five 
ulcers of which one was perforated. 

In 3 autopsy eases, combined gastric and duodenal ulcers and/or 
scars were found. In 1 case there was an ulcer in both the stomach and 
duodenum; in another an ulcer in the stomach and a scar in the 
duodenum ; and in the third ease there were two ulcers in the stomach, 
one of which was perforated, and a scar in the duodenum. 

In 1 autopsj’- ease, there were two gastric ulcers, one pyloric ulcer, 
and one duodenal ulcer. 

In 1 autopsy ease, there ivas a single pyloric ulcer. 

In 12 autopsy eases presenting duodenal ulcer alone, multiple ulcers 
and/or seal’s were present in 5 cases. These 5 cases consisted of 2 cases 
of an ulcer and a sear; 1 case of “multiple” ulcers of which one was 
perforated; and 2 eases of an ulcer on both the anterior and the poste- 
rior walls, the anterior ivall ulcer being perforated in each case. 

Thus, in a total of 44 autopsy cases presentuig peptic ulcer, there were 


multiple ulcers and/or sears in 16 cases, or 36 per cent. 

In the 44 autopsj^ eases, perforation of an ulcer had occurred in 11 
cases. In these 11 cases, the incidence of multiple ulcers and/or 


scars was even higher, being 55 per cent (6 of 11 eases). 

And considering the combined autopsy and surgical pathologic ma- 
terial "in a total of 59 cases, multiple ulcers and/or sears occurred in 20, 
or an’incidenee of 34 per cent. 

The frequent existence of multiple pe])tic nicer is 1)3’ no means un- 
Dunbar^” stated that "when perforation had occurred at the 
Imoum. ‘ ^ mortem was obtained, a large proportion 

duodemn , . nearly alwa 3 ’s opposite the perforation. ’ ’ Liiquet^" 

showed a se ^ ulcers.” Lewisohrd'' stated that in about 50 per 

veniarks on 
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cent of patients \Yitli duodenal ulcer, two or more ulcers were found in 
specimens after partial gastrectomy. 

Graves, « in a review of the German literature on peptic ideer, stated 
that the high incidence of multiple peptic ulcer was used by German 
surgeons as their justification for their frequent practice of primary 
gastrectomy for perforated ulcer. He cites various authors as reporting 
multiple peptic ulcers in a high percentage of cases vaxying from 20 to 
50 per cent. Among them were Sehulcin^^ who reported the incidence in 
20 per cent, Petren^® in 27 per cent, and Speck^* in 50 per cent. 

llore recently, Guszieh^= has reported 7 eases of multiple ulcer (6.2 
per cent) among 113 cases of perforated gastric and duodenal ulcers. 
He quotes various authors as reporting a much higher incidence. 
Zueksehwerdt and Eek^® found in their autopsy material multiple ulcers 
in 29 per cent of the peptic idcer cases, and Brunner^' in his, either 
multiple ulcers or sears in 43 per cent. Briitt^® foimd in his autopsy 
material 10 cases (53 per cent) of multiple idcer among 19 eases of 
duodenal perforation, while in his resection material, the incidence was 
17 per cent in the cases of peptic ulcer without perforation, and 70 per 
cent in the eases of peptic ulcer with perforation. Koennecke^® X’eported 
the incidence of multiple ulcer as 50 per cent in his duodenal ulcer 
eases. 

Granting that the incidence of multiple peptic ulcer in this clinic and 
others appears veiy significant, uxdeed, the -wisdom of simple sutui’e 
of pei’forated peptic ulcers as a routine method of treatment might be 
questioned. To he sure, the repoi’ted mortality statistics'® for the other 
types of opex-ation are often better, and those for prhnaxy gastric resec- 
tion are even best. However, moi-tality statistics can be very misleading, 
and one can find almost any mortality rate desired for any given type 
of operation, depending almost entirely upon the lapse of time between 
perforation and opex'ation, as is well knoxvn. 

The late resxdts for the other tj-pes over sinxple sutxu’e are reported as 
better, and again, as one xvould expect, those for primaxy gastric resec- 
tion even best. Hoxvever, even in view of the varioxxs consideratioixs for 
and against the different types of opei’ation,^®' the primary considex-a- 
tion is still the survival of the patient. For this, one can hardly deny 
that simple sixtxxre is the easiest, quickest, and safest, and affords the 
patient the best possible chance of immediate reeoverj- at any sta'^e 
following perforation. To do anything further in the way of a curative 
procedure in the presence of an acute perforation merely sxxbjeets xux- 
necessarily an estimated 50 per cent of patients to additional risk. 

The most important consideration, however, as a result of this study, 
is the fact that these patients .should he earefxxlly follmved at frequent 
intervals over a long period of time, possibly five years, in Hexv of the 
large percentage who do not x-emain Avell. In the event of subsequent 
complete pyloric obstruction without the additional presence of an ulcer, 
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gastrooiiterostoiny is known to be highly successful. And in the event 
of a persistence or recurrence of symptoms, in view of the large per- 
centage of patients witli multiple ulcer, secondary gastric resection is to 
be recommended. 


SUMXtARY 

1. The late results in 18 eases of acute perforated peptic ulcer treated 
by simple suture are reported. Six patients (or 33 per cent) remained 
well, and 12 patients (67 per cent) did not remain well. 

2. Six of the 18 patients were subjected to secondary operation, 3 of 
these being for a subsequent second perforation. 

3. The late result in relation to age, duration of symptoms, diet and 
other factors, was studied without significant findings. 

4. The late results reported in the literature for treatment bj'^ simple 
suture, suture plus gastroenterostomy, excision plus pyloroplast 3 '^, and 
primarj' gastric resection are reviewed. 

5. In this clinic, the incidence of multiple peptic ulcers and/or sears 
in the surgical pathologic material was found to be 27 per cent (4 of 15 
cases). 

6. In this clinic, the incidence of multiple peptic ulcers and/or scars 
in the autopsy material was found to be 36 per cent (16 of 44 cases). 

7. It is felt that this high incidence of multiple peptic ulcer is largely 
responsible for the poor late results obtained in the treatment of acute 
perforated peptic ulcer by simple suture. 
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THE SURGICAL MANAGExVIENT OP POSTRADIATION 
SCARS AND ULCERS 
Heruekt Conway, jVI.D., New Pork, N. Y. 

(From the Suryical Service of the New Yorh Eospital and Cornell 
University Eedical College) 

' I ■'HE surgical inanagcinent of the lesions caused by the tissue-destruc- 
* tive raj's of both x-ray and radium presents problems which call 
foi" a knowledge of and the application of practically all of the principles 
of plastic surgei'y. Tlie eailiest report of a ease of dermatitis due to 
x-rays is that of JIareuse, published in 1896. Marcuse' also reported a 
case of malignancy in an area of x-ray dermatitis. Since that time there 
have been a great number of similar reports. Their appearance in the 
literature suggests not only that these postradiation lesions probably 
are increasing in frequency, but that the medical profession is more 
alert to the value of and also to the dangers of radiation therapy. Un- 
doubtedly, radiologists have given increasingly strict attention to the 
prevention of the development of these unfortunate complications. This 
is attested to by the repeated admonitions of competent radiologists wth 
regard to the protection of patient and opei’ator at the time of adminis- 
tration of the rays and also by the improvements in equipment and in the 
methods of treatment which have steadily expanded the field of useful- 
ness of radiation therapy. It is a commentary on these improvements 
that clinical reports which appeared in the literature in the second and 
third decades of this century told of a higher’ percentage of x-ray ulcers 
occurring in phj’^sicians giving the therapy than in patients so treated. 
Later reports reversed this proportion. Presiunablj^ this is due to a 
recently boi’n intensity of purpose on tbe part of radiologists in the 
therapy of malignant lesions. Such an unfortunate aftereffect as the 
postradiation ulcer may be condoned if produced in the treatment of in- 
operable malignancy. However, in the treatment of benign lesions or 
malignant ones within the scope of surgery, it is difficult to acknowledge 
the value of a method of therapy which carries with it danger of seiious 
complication. 

The burden of management of these postradiation ulcers has fallen 
upon the surgeons. It is planned to list in this presentation tlie methods 
of conservative treatment and also to outline the surgical methods wliich 
may be applied to the various types of posti-adiation sears and ulcers. 
Case reports giving experiences with the surgical removal of post- 
radiation scars and ulcers will be presented. 

Panted at the roceUDS of the Society of University Surgeons at St. Louis, 3Xo., 
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Clinical examinatiou of the scars produced by x-radiation shows them 
to he characteristically of firm consistency, depressed below the adjacent 
surface, and demarcated abruptly from it or blending gradually into the 
areas of normal adjacent sMn. Often there is subcutaneous atrophy, 
evidencing the penetration of the destructive ray with its resultant sub- 
cutaneous fibrosis. The scarred area may be uniformly white in color or 
it may show areas of pallor alternating unth areas of brown coloration. 
There may be clusters of telangiectases, visible as reddened wormlike 
areas in the background of white sear tissue. Often these sears are 
adherent to underlying structures such as fascia, muscle and bone. Their 
surfaces may be smooth or hjT)erkeratotic. In the latter type epithelial 
degeneration into carcinomatous malignancy is suggested. These differ, 
then, from the hypertrophic scars of thermal burns and they do not 
have the tendency to local recurrence exhibited by the true keloid. 

Observation of the ulcers caused by radiation shows them to be 
punehed-out ulcers, the lateral walls of which are made up of thickened, 
ischemic fibrous tissue. The most central portion of the scarred area, 
the point of maximal ischemia, is the area in which ulceration is most 
likely to occur. The floor of the ulcer may be covered with a thick, 
stiekj', elastic, grajish yellow exudate which is easily removed to expose 
pale, firm granulation tissue or smooth, dense fibrotic tissue. These 
ulcers usually are very sensitive and may be excruciatingly painful. On 
microscopy the corium and subcutaneous tissue are seen to be replaced 
by dense fibrous tissue often invading the subadjacent fascia and muscle. 
There is thickening of the walls of the blood vessels with endothelial 
obliteration. Necrosis of imderlj-ing bone is comiiionly observed. The 
epithelium shows a flattening of the rete cones and in those eases which 
have undergone malignant change there are whoid formations of epi- 
thelial cells characteristic of the squamons-eell carcinoma. Malignant 
epithelial tumors of the basal-cell type are also observed in these 
sears, and sarcomas developing in these lesions have been reported 
in nmnbers in the literature. It is difficult to explain the development 
of malignancy in these ulcers. Repeated trauma to these areas un- 
doubtedly is a factor. The fact that many cases of malignancy have 
developed in areas of the skin originally treated for inflammatory lesions, 
such as psoriasis, eczema, and tuberculosis, suggests the possible role 
of cutaneous infection in the development of the malignancy. Deutieke® 
reported sbcty-one cases of roentgen sarcoma folloudiig treatment of in- 
flammatory lesions. Experimental work on rabbits reported by Burrows 
and associates" lends support to this idea. They stated that 66 per cent 
of rabbits to which x-ray had been given after the experimental produc- 
tion of an mfiammation of the skin developed carcinoma. 

Regarding the dermatological treatment of postradiation scars and 
ulcei-s, it may be said that a number of widely different methods have 
been acclaimed. Treatment with ultraviolet light,- Pinsen-Reyn lamp - 
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elcctrodesiccatioii/ radium, sacrification,"' tz’icliloracetic acid cauteriza- 
tion,” Dodd’s solution (containing phenol),’' ointment containing pan- 
creatic ferments,® and the application of fresh leaves of the plant aloe 
vera‘ have been recommended. The last mentioned has been endorsed 
by MacKee* for ulcers with the qualifying statement that the treatment 
is of no value in tlie attempted removal of telangiectases, scars, keratoses, 
or atropliy. It is generally agreed that the application to the skin of 
such chemicals as sulfur, scarlet E, mercury, pyrogallic acid, iodine, 
resorcin, tar, salicylic acid, and cantharides may raise the sensitivity of 
the skin to the x-ray. It seems likely also that electrodesiccation, actinic 
i‘ay and radium may act to accelerate further the destruction of tissue 
rather than to retard it. Essentially, then, the problem presents itself as 
one of woinid healing to be accomplished in tissues kuoum to be de- 
prived of their normal capacity for growtli and repair. Tlie additional 
problem of reconstruction of the surface contour of the affected area 
demands that alt of these lesions be treated by surgical methods. 

The methods available in the surgical management of postradiation 
scars may be listed as follows: 

1. Simple excision 

2. Excision and primary suture by meazis of sliding flaps 

3. Gradual partial excision 

4. Excision and replacement by 

a. Thick-split graft 

b. Whole thickness graft 

c. Pedunculated flap 

In the management of the indolent ulcers resulting from radiation 
therapy the following methods may be utilized : 

1. Simple excision 

2. Excision and primary suture by means of sliding flaps 

3. Excision and replacement by 

a. Multiple small deep grafts after a period of antisepsis to 
allow granulatioir tissue to form 

b. Thick-split gi'afts 

e. Pediuieulated flap 

4. ibmputation 

5. Section of regional nerves 

6. Periarterial sjmipatliectomy 

The type of pedunculated flap to be used depends upon the surface 
tion of the lesion. Thus, gauntlet flaps have been used for tlie 
rs double pcdieled flaps in the region of the anus, tubed pedicles 
’ of the torso, face, neck, and extremity. Amputation Ls .seldom 
for lesions fingei-s in whieli the pain i.s mi- 

iiidicate - ijecoiue malignant. Periarterial sympathectomy 
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has been advocated for relief of pain and for its benefit in bringing 
about healing of the ulcer. Lericlie and Fontaine^ have reported com- 
plete cure by this method in 12 of 27 cases, relief from pain and improve- 
ment in 7 eases, and failure in 8 eases. Tempsky'® reported 2 cases in 
which there was temporary relief fx’oni pain and partial healing of the 
ulcer follondng periarterial smnpathectomy with later recurrence of the 
painful ulcer. Eddowes^' in 1910 reported relief of pain and healing 
foUowmg section of regional nerves. Later svrrgical reports do not 
emphasize this method of treatment. 

The following ease reports give the details of surgical treatment in 
ten eases with which I have had experience at the New \ ork Hospital. 
The problems presented by these cases comprise many of the problems 
of indolent wound healing and exhibit nearly all of the methods of 
surgical treatment. 

The first ease is one in which x-ray therapy was given for the treat- 
ment of an enlargement of the thjToid. The deforming sear later 
necessitated surgery. The sear was excised and the wound closed by 
means of sliding flaps. Undoubtedly, surgical treatment of the goiter 
would have been preferable to x-ray therapy in this ease. 

Case 1. — (IX. E., JX. T. H. Case 2.S0039.) This is the report of a 33-yeaT-oId 
white woman who noticed a swelling in the left side of her neck for the first time in 
1932. A phj'sician told her that this was a goiter and advised x-ray therapy. There 
were no symptoms of hyperthyroidism. Following intensive therapy over a period 
of three months in 1933, the swelling completely disappeared. Accurate information 
concerning the total dosage of x-radiation is not available. Upon completion of the 
treatment, an ideeration of the skin appeared over the area treated. Dressings were 
necessary for three months. The resultant deformity was a cause of concern to the 
patient not only because of its unsightly appearance hut also because of the symp- 
tom of itching. 

Examination, six years after this treatment, showed an ivory white rectan<mlar 
scar mtli numerous telangiectases on its surface. It occupied a rectangular area 
measuring 9.5 by 4 cm. in the left anterior cervical region. The thyroid gland 
was palpable, the left lobe being slightly larger and firmer than the right. The scar 
was movable on the underlying tissues but caused visible adherent depression on 
deglutition. At operation nine months ago the operator was prepared to do a whole- 
thickness graft, hut found that because of the ease with which the flaps of skin and 
platj-sma muscle were mobilized in the neck, the wound could he closed by primary 
suture. Flaps from either side were brought toward the center, the final line of 
suture conforming to tlie outline of the letter H. Because the sheath of the platj’sma 
could be sutured firmly with buried sutures of fine silk, the tension on the line of 
suture was not great, ilicroscopie exam'mation of the tissue removed at operation 
shoived atrophy of the epidermis and replacement of the dermis with dense avascular 
connective tissue. Figs. 1, 2, and 3 show the preoperative appearance, technique of 
operation, and final result. Follow-up examination nine months after operation 
showed no recurrence of the condition. 

The second ease is one in which radium and x-ray therapy, given in 
treatment of a benign lesion (hemangioma), caused a deforming sear of 
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the cheek which necessitated tlivee operative pi’oeedures to effect its 
reuioval by gradual partial excision, ilost probably surgical excision 
of the primary lesion would have been preferable. 

Case 2. (L. L.^ N. Y. H. Ca.^e 1581504.) This is the case leport of a 17-year old 

girl wlio ^Ya3 e.xamined for tlie first time in fJiis clinic in April, 1937. She com- 
plained of a reelaugular ndiite, depres.sed sear of the left malar region nhich re- 
sulted from tieatment of an angioma during infancy. The mother has described 
this as a port-wine stain. When she was 15 months old, the region nas treated 
with carbon-dioxide snow to the point of blistering, but without eradication of the 
lesion. At IS months of age treatment was instituted with radium plaques and 
followed by x-ray therapy. In the years befoie she came to this clinic she consulted 
dermatologists on scvoial occasions and had been discomaged repeatedly as to the 
benefit of any further treatment. 



Fie- 1- F‘5- 2- 

Ts-ir 1 Case 1. Adheient scar of ncclc foUowiriff x-iay Uieiapy for disease of 

the thyroid gland. Note the central pallor and the telaneiectases at the peiip/iery. 

pjg 2. Case 1. Appeal ance of tho patient two months after e.xclsion of the post- 

radiation scat. 


E.\-amination showed a depressed, white, flat scar measuring 3 cm. across and 3.3 
cm from above dostnward. This was removed by giadual partial excision, three 
onerations being performed in April, 1937, ilay, 1937, and Aujpist, 1938, respectively. 

\U of these operations were done under local anestlicsi.a without hospit.alization, 
longed inter' al between the second and third stages was occasioned by the 
The pro ijifectiou det eloped in the wound after the Second stage. Following 

faettia lisseia dressing was employed for six weeks. This con- 

each proce m indestructible chiffon luipregmitcd with collodion and applied over 

bisted. of or in. ry dressing serves to imniobiUzo the face so that not even 

the entire chccv. movement of the tissues. This relieies the recent wound 

facial expression ca s postoperatiie weeks when ordinary facial rno 

of undue tension Uuriiio 
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nf the’-^car ilieroscopie examination of the tissue 

tions may cause undue wi „ in the corium and subcutaneous tissue 

r rrrrs r;:r' fWjt 

7™S..T.rS 




The next case is another instance in which x-ray and radium therapy 
produced a sear which itself constituted as much of a deformity as did 
the original lesion. In addition the lesion (pigmented mole) was not 
removed completely, and the treatment caused atrophy of the sub- 
cutaneous tissue. Since the patient was subjected to successful surgical 
excision and surfacing of the defect on the face with a whole-thiekness 
"i-at't, it seems likely that it would have been better to have employed 
this method of treatment instead of radiation many years earlier. 



...r.„v. ,r.„a„Te,"*"“ ■.■.a.-l ...Ual „,. 
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Case 3- — (G. \V., X. Y. H. Ca^e 250979.) This is the case report of a joung 
woman, 23 jears of age, who was treated during infancy for a hairy mole on the 
right cheek. Acid cauterization was used. Because of the pain caused by this 
treatment, it was discontinued. At the age of 4 jears the patient recehed prolonged 
treatments with both x-ray and radium. Xo accurate information is available as 
to the total amount of radiation given. 

On examination a depressed scar measuring 6.5 bj' 3.5 era. was seen over the right 
malar region. Subcutaneous atrophy was in evidence and the scar itself, while 
smooth, presented a rather severe deformity, since there were color variations within 
it from white to red to brown. The brown color apparently was due to residual 
pigmented nevus since it was limited to a smaller area within the sear, approximatelv' 
3 by 4 cm. in size. Evidentlj- the therapy had failed to eradicate completelj’ the 
hairj- mole and also had produced deformity over an are.i greater than that of the 
original lesion. There was no regional adenopathj-. 



Fig-. 7 


Fig. 8, 


Pis 7 —Case 3 Depressed scar of cheek following treatment of a hairv mole bv 
cauterization, x-ra>, and radium The darker central portion was brown in color due 
to incomplete remo\al of the mole. 

Fig 8 —Case 3 Appearance following excision of the pigmented scar and surface 
replacement bj means of a free, whole-thickness graft taken from the abdomen! 
Photograph taken ten ’sseeks after operation. 


On Xov. 14, 19.39, under local anesthesia, this scar was excised, care being taken 
not to damage the fibers of the facial nerve. A whole-thickness free graft of skin 
was cut from the right lower quadrant of the abdomen according to a tin foil pattern 
of the defect on the side of the face. The superficial abdominal defect was closed 
by excision of subcutaneous fat and undercutting of wound edges. The graft was 
sutured into place on the face with interrupted suture.-, of fine black silk. The lonir 
ends of these sutures were tied over a gauze pad for immobilization. The incisor 
teeth were wired together by Dr. Harold Genvert of this clinic. The head dressing 
incorporating rubber sponge, was applied over the right cheek and the woimrwas 
not inspected until the sixth day after operation, at which time it was seen that the 
graft had taken in its entirety. The patient was discharged from the hospital on 
tlie twelfth day after operation. Jlicroscopie examination of the specimen showed 
that the conum was replaced by dense fibrous tLssue. The rete cones were flattened 
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out. There was hyperplasia of the nevus cells and beneath the epithelium there were 
groups of chromatophores containing brown pigment. The preoperative and post- 
operative photogiaphs are shown in Figs. 7 and 8. Examination fifteen months after 
operation showed the graft to be smooth, pliable and a good match in color to that 
of the adjacent skin. 

The fourth case is one in whicii the indication for deep x-ray tlierapy 
given in 1918 is not quite clear. Of interest is the fact that a severe 
skin reaction developed during the course of radiation and healed com- 
pletely as treatment was continued only to give rise to ulceration eighteen 
years after the last treatment had been given. 

Case 4 . — (M. S., N. Y. H. Case 2C89S9.) Thi.s case is that of a 69-year-oId 
American-born housewife who gave the history of having been treated intensively 
with low voltage x-iay to the lower abdomen twenty-two years earlier. This treat- 
ment was given to control hemorrhage following abdominal operation. The history 
is obscure as to the nature of the operative procedure. Apparently a panlrysterec- 
tomy had been done, since, at the trrrre of admission to the New York Hospital, 
examination revealed that none of the pelvic organs could be palpated. During 
the course of x-ray therapy a severe .skin reaction developed over the lower abdominal 
wall. This healed spontaneously and the patient was free from symptoms until four 



jj-jg. 9. — Case 4. Benign ulcer of the lower abdominal wall which developed in an area 
of radiodermatitis eighteen jeais after the last x-ray treatment had been given. 


years before admission to this hospital. This was eighteen years after the last x-ray 
treatment had been given. At that time a thickening of the skin in the right lower 
quadrant of the abdomen was noticed. This developed into a hard cutaneous mass 
which crusted and ulcerated alternately. Six months before admission, eczema of the 
abdominal wall, limited to the two lower quadrants, developed. This responded to 
therapy with lotions, and on July 23, 19-10, the patient was admitted to the Now 
York Hospital for excision of the crusted, elevated lesion of the skin of the right 
lower 'ibdominal quadrant. The appearance of the lesion at the time of admission 
the hospital is shown in Fig. 9. On exaimaation of tho abdomen it was seen that 
T as e-xcessive cornification of the skin of the lower abdominal wall. Just 
there w was an elevated, hard tumor of tho skin 2 by 2 cm. in 

~T "ts central portion there was a small ulcer. This lesion liad the appear- 
size. In i ^Vt operation this area was widely eveised through a triinn- 

ance of an ep was carried through the fibrotie subcutaneous 

verso, clUptwti fr\ened anterior rectus fa-cm. The wound was closed with mattress 
tissue and the uc Microscopic examination of the specimen showed a 

sutures ‘ epidermic overlying a thick iaver of scar tissue and fat in 

thickened, hyperUer.i 
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wilieh there were collections of chronic inflammatorj- cells. There was no evidence 
of malignanoy. Superficial wound infection developed. This uas readily con- 
trolled. The patient was di.'charged from the hospital on Aug. 14, 1940, twenty-one 
days after operation. Two weeks later the wound was entirely healed. On examina- 
tion six months after operation it was determined that there had been no further 
symptoms. Photograph of the appearance of the lower abdomen on February 5, 
1941, is shown in Pig. 10. 

The fifth case is an example of the development of severe skin reaction 
with resultant chronic ulceration following intensive x-i'adiation for the 
treatment of glandular metastases from a malignant melanoepithelioma. 
It is this tj-pe of ease in which the radiologist and surgeon justifiably may 
agree to carry the patient tip to the limit of skin tolerance of the x-ray in 
the attempt to control a disease which is beyond the scope of surgery. 



Fig. 10. — Case 4. Appearance ot the lower abdomen si.x months after excision of the 
benign ulcer due to radiodermatitis. 


C.VSE 0. — (il. S., X. Y. H, Case 2C1163.) This report is that of a 44-year-old 
American single, white female, who was e.xamined for the first time on March 14, 
1940, because of the complaint of a swelling below the left clavicle. The history re- 
vealed that eleven years earlier the left ring finger had been amputated at another 
institution. Report from that hospital revealed that the lesion of the finder was 
diagnosed microscopically as a malignant melanoepithelioma. A lymph node was 
removed from the infraclavicular region. Microscopy showed this to be a metastasis. 
X-rays of the neck and chest revealed no sign of other metastases. Over a period 
of six weeks x-ray therapy was given through three portals as follows: left infra- 
clavicular, 4,700 E.; left lateral neck, 4,700 E.; left infraclavicular (lateral) 
2,000 E. 

X ray therapy had to be discontinued because of a severe skin reaction over the 
left cerx-ical and infraclavicular regions. There was a large raw surface eoiered 
with a yellow e.xudate. The infraclavicular swelling had disappeared. There was 
subsequent .loftening of tissue in the central part of this wound with the result that 
as epitheliaUzatiou occurred oxer the major part of the wound, this central portion 
persisted as an ulcer. Dry sterile dressings were applied daily and e.xcision of the 
ulcer was contemplated, but the patient entered the hospital in a comatose state 
eight months after the metastasis in the infraclaxicular region had been revealed 
Tlie patient expired on De<<. 22, 1940. Death was due to hemorrhage into the 
cerebellum and pons. Microscopic examination of the ulcer of the chest wall showed 
dense fibrosis, avascular granulation tissue, and replacement of the subcutaneous 
tissue with fibroblasts. Photograph of the lesion is shown in Pig. 11. 
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Aiiotlier ease report is one in Avhicli the postradiation effect (ulceration 
of the abdomiiuil wall) is justified in view of the fact that the therapy 
in this case has effected control of malignant disease. 

Case (i. (C. S., N. Y. H. Case 780(i2.) Tliis is the report of a 57-year-oId German- 

born housewife wlio was given tii'e series of x-ray treatments to lier lower abdomen 
for squamous-ceil carcinoma of the cerrnx in 1934 and 1933. The total amount of 
x-radiation given was 1S,2S0 R. units; 3,G00 mg. hours of radium were applied. 
The last treatment was given in 1935. The lesion of the cervix healed completely 
without extension. There hud been no evidence of recurrence of carcinoma up to 
April 11, 1910, so that the patient has been listed as a live-year carcinoma cure. 



XI. — Case 5. Ulcer of anterior chest wall following intensi\e .x-radiation (Il.tOO 
R. over a period of six rreeks) for metastatic nielanoepithelioiiia. 


In December, 1938, the patient was admitted to the hospital because of the late de- 
velopment of ulceration of the lower abdominal wall. This came on three years 
and three months after the la.st x-ray treatment was given. 

Examination showed a biawiiy indurated area covering the lower abdomen, with 
scarring of the skin and numerous telangiectases. Two ulcers measuring 3 and 4 cm. 
" ' diameter were present witliiu the se.ar. These presented an unhealthy gray granu- 
iVon tissue, from the surface of wliieli Staphyloeoccu.^, nunii.-, was cultured. In 
T ' arv 193^* patient was operated upon under geneial aiie-Hthcsia. A large 

u^wLal incision with its long a-xis tran.sverse was made around tlie srar. I-atcrully, 

■ -sion extended to the iliac, crests on both side.s, superiorly to a point .1 rni. 
this incis inferiorly to tho symphysis pubi.-. The iiiei.sion nas carried 

below external oblique ou both .sides. The tissue nas almost com- 

doivn to the m-m- induration extended into the rectus imiscle but not into the 

pletely avascu a . ..eopic examination of the tissue reimncd riaealcd atrophy of the 
peritoneum, ilicio.'i dejiua, and subcutaneous sear with arute iutlainmation. 

epidermis, fibrosis o > subcutaneous tissue «as noted. Without oiieiiirig 

Thrombosis of large vessels m 
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the peritoneal cavity the operator was able to overlap the fascia] structures from 
above downward vnth mattress sutures of chromic catgut, after the technique of 
the ilajo hermoplast}. Post operatively, there was an elevation of temperature and 
liquefied fat discharged from the right side of the wound. Culture again showed 
Staphylococcus aureus. All sinuses were healed in March, 1939, two months after 
the operation. The patient was seen m March, 1940, fourteen months after the 



Figr 12 — Case 6 Lesion of tower abdominal wall with ulceration and extensive 
regional fibrosis This followed intensive treatment wath x-raj and radium for squa- 
mous-cell carcinoma of the cervix 



ulcSfte'd" .nd^'Jnl4dH?.‘^’''¥'his ^ff!" 1*’^" 

and llH wound of the abdominal wall renamed heafei?'^ demonstrated at that time 
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Another case report is one in which the postracliation effect (ulceration 
of the abdominal wall) is justified in view of the fact that the therapy 
in this case has effected control of malignant disease. 

Case b. (0. S., N. Y. H. Case 7S0()2.) This is tlie report of a 57-year-old German- 
bom liQusewife who was, given five series of x-ray tieatments to her loner abdomen 
for squainous-cell carcinoma of the cervix in 1934 and 1935. Tiie total amount of 
x-radiation given was 18/280 It. units; 3,(500 nig. hours of radium were applied. 
The last treatment was given in 1935. The lesion of the cervix healed completely 
without extension. There had been no evidence of recurrence of carcinoma up to 
April 11, 1910, so that the patient has been listed as a five-year caicinoma cure. 



jpig — Case 5. Ulcer of anterior chest wall following jiiten.sive .x-iadiat/on (11,100 
K. over a period of six weeks) for metastatic melanoepitheliDnia. 


In December, 1938, the patient was admitted to the hospital because of the late de- 
velopment of ulceration of the lower abdominal wall. This came on three yeans 
and three months after the last x-ray treatment was given. 

Examination showed a brawny indurated area coteriiig the lower abdomen, with 
scarrin" of the skin and numerous telangiectases. Two ulecis measuring ,'! ami 4 riii. 
in diameter were present within the scar. Tlie-o presented an unhealthy gray granu- 
Htion tissue, from the surface of which ,S(rtp/iploroi< us- mirtiis was cultured. lu 
January 19.)d, patient wa.s operated upon under general anesthesia. A large 

U'nHcal incision witli its long axis transverse was made aroiiml the scar. Laterally, 
’sion extended to the iliac crests on both sides, superiorly to a ])i>iiit 3 cm. 
this mois iuferiorly to (he symphysi.s pubis. The incision was carried 

below 1 f-i^cia of the external oblique on both .side.-. The tissue was almost corn- 
down to le induration extended into the reetu.s muscle hut not into the 

pletely e.xaniinatum of the tissue retiiined revealed atrojifiy of tin; 

peritoneum. * "i derma, and subcutaneous M-ar with acute iatlaiiimation. 

epidermis, fibrosis o ^ oubcutancoUs tissue was noted. Without oj.caing 

Thromhos-is- o£ large vesctu 
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tlie peritoneal cavity the operator was able to overlap the fascial structures from 
above downward with mattress sutures of chroniie catgut, after the technique of 
the Mayo hemioplasty. Postoperatively, there was an elevation of temperature and 
liquefied fat discharged from the right side of the wound. Culture again showed 
Staphylococcus aureus. All sinuses were healed in March, 1939, two months after 
the operation. The patient was seen in JIarch, 1940, fourteen months after the 



Fig. 12. — Case 6. Lesion of lower abdominal wall with ulceration and extensive 
regional fibrosis. This followed intensive treatment with x-ray and radium for squa- 
mous-celi carcinoma of the cervix. 



ulcfrfto“an,fi^f..|u^d\?r'Lt''T"m;Satie^t““rexanfine^^ 

tion trcahuent was given and flfteen months aftw surmral B 

lower abdominal wall. .\'o recurrence of carcinonvi could he uin.SI! / V **®*°'' °t the 

and tile wounil of iiic abdominal wall remaiS heak°d ^ demonstrated at that Ume 
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excision. Tlieie was no recuirence of eaicinoma at that time and the wound re- 
mained healed. Pigs. 12 and 13 show the appearance of the lower abdomen before 
and after operation. 

Tlie seventh case is an example of the development of malignant ulcer 
following X-ray treatment of a chronic inflammatory condition of the 
skin (psoriasis). The reports of Deutieke,^ who listed 61 cases of malig- 
nancy following x-ray therapy for lupus, psoriasis, eczema, hyper- 
trichiasis, and other inflammatory conditions, and of Witwer and 




Fiff 14. — Case 7. area overlym^ the right lower flbula. 

X-ray treatment had as well as to other parts of the body 

three >eais before tin :;er In the sixteen months before this 

photograph was taken ke open and ulcerated The skin around 

the ulcer was fibiotic, dry, hairless, and hypeikeratotic. Rathei typical lesions of 
psoriasis show higlier on tlie leg and over the posterior aspect of the lower leg. Jflcro- 
scopic examination of this lesion showed it to be a squamous-cell carcinoma 



Leucutia,’^ who recorded the development of malignancy in 20 cases 
after x-ray theraj^y for acne, keloid, hyperkeratosis, psoriasis, ringworm, 
sycosis barbae, etc., indicate that the sequence of events whicii occurred 
in this sixth case is well known. Unless x-raj^ therapy affords good 
probability of cure, it is not justified in the treatment of these chronic 
inflammatory diseases of tlie skin. 


^ ^ Y. Cii.se 2.S(i()t)l.) This ease report is tliat of a .'id je.ir-old 

Case /. broker «iio bad suffered from psoriasis uith lesions oicr bis 

.\jiiericuii*borii tiiu , . -r ... -in.-r . .. 

back, elbous, 
started. Tliese 
euen e%ery t«o 


and le''s for fourteen jears. In .Tune, 1013, x rny treatments were 
were given ontu a week for tJirio uetbs; simiJar treatments were 
months over a period of eighteen mouths, fn December, jy.'iti, the 
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last x-ray treatmeat was given, la September, 1939, the patient injured the outer 
aspect of the lower third of the right leg. An ulcer developed. He applied various 
ointments to the ulcerated area without success. The ulceration increased in size 
and became painful. Another smaller ulcer developed below it. The appearance 
at the time of admission to the Xew York Hospital in January, 19-11, is shown in 
Fig. 14. The larger ulcer measured 1.5 cm. in diameter. It was in the central portion 
of an area of dry and thickened skin which covered the outer aspect of the lower 
one-third of the leg. Numerous telangiectases were in evidence in this area and 
surface scaliness was excessive. A lesion, typical of psoriasis, showed somewhat 
higher on the outer aspect of the same leg. The floor of the ulcer was dusky purple 
in color. Superficial granulations bled easily. The ulcer was very sensitive. There 
was inguinal adenopathy on both the right and the left sides. Hone of the other 
psoriasiform lesions which had been treated showed any evidence of scar or ulcer. 
At operation the lesion was removed bj- wide elliptical excision extending down to 
the fascia and to the periosteum of the fibula. Microscopy showed that tliis was 
an epidermoid carcinoma. Biopsy of an inguinal gland showed no regional metas- 
tasis. The wound was dakinized and small deep grafts were applied after a period 
of seven days despite the fact that the granulation tissue never did appear healthy. 
About one-half of these grafts lived. Subsequently the wound was grafted six 
times over a period of three months before epithelization was complete. The wound 
has been healed for four months without recurrence of tumor or ulcer. 


The eighth case, like Case 6, is one in which intensive radiation, piu’- 
posely given, resulted in an apparent arrest of the malignant groMdh 
(adenocarcinoma of the ovary, inoperable) but with the late develop- 
ment of ulceration of the entire abdominal wall. Surgical removal of 
the affected area in this case was more difficult than in Case 6 since the 
entire thickness of the abdominal wall was involved. This patient, who 
has gone five years now without sign of recurrence of carcinoma repre- 
sents, as does the patient in Case 6, an excellent result of x-x-ay therapy 
despite the difficult problem presented in the surgical cure of the post- 
radiation ulcer. 


C.vsE 8. — (E. H., X. Y. H. Case 44089.) This case report is that of a 47-year-old 
unmarried female clerk who was given a total of 17,000 E. of x-ray radiation 
in six series of treatments, from 1933 to 1935, for inoperable adenocarcinoma of the 
right ovarj-. Two years afterward telangiectases appeared over the lower abdominal 
wall, followed by breaking do^vn of the skin and development of ulceration. Con- 
servative measures were carried out for an eighteen-month period, during which 
time the epithelium occasionally covered the ulcer only to be followed by recurrent 
ulceration. 


E.\amination in 1935 showed a deep craterlike ulcer, 13 by 5 cm. in size, over the 
loner quadrant.s of the abdomen. This ulcer was floored by pale, gray granulation 
tissue, bard and fibrotie. For 5 cm. in all directions the tissue adjacent to the 
ulcer was indurated, thickened, and scarred. On Aug. 2, 1939, this ulcer was ex- 
cised through a transversely placed elliptical incision. The tissues were ischemic 
and fibrotie. The floor of the ulcer proved to be only 4 nun. thick, and in the process 
of exeis.ng it the peritoneal cavity was entered. The intestines were adherent to 
tlie under.sule of the abdominal wall. Attempts to close the fibrotie fascia and 
peritoneum were unsuccessful, and in order to close the defect in the abdominal waU 
it was necessary to re.-,ort to the use of a rectangular free graft of fascia lata taken 
from the right thigh. IVhen the peritoneal cavity had been closed in this fashion 
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a flap of sldn and subcutaneous fat was dissected up from the superior portion of 
the wound to a point well above the umbilicus. Because of the e.\ten.sive induration 
in the femoral and perineal regions, it was not possible to mobilize a flap in the 
lower part of the wound. By flexing the thighs on the abdomen, that is, putting 
the patient in a jackknife position, it was possible to close the margins of the 
wound with deep on-end mattiess sutures of dermal gut. This wound subsequently 
broke down with recurrence of the ulcer. The fascial graft did not slough and the 
floor of the ulcer presented pale granulation tissue. Dakinization was instituted 
and a (horacicoepigastiic tubed flap'-* was constructed at operation on Oct. 6, 19.39. 



pjg-, 15 . — Case 8. Photograph showing the painful, deep ulceration of the lower 
abdominal wall which followed intensive deep radiation given in tieatment of in- 
operable adenocarcinoma of the light ovar>. The ulceration extended down into the 
rectus muscles. There wai> much brawny edema of the pubic and vulvar tissues. Over 
these areas the skin was shiny, thickened, and showed alternate areas of pallor due to 
fibrosis and ledness as a result of abundant telangiectases The floor of the ulcer was 
tiaip irrav in Color. The margins of the ulcer undermined the overl> ing skin and sub- 
}.iiMnpnus tissue on all sides. Photograph taken July 31, 1939. four 3 'ears after the 
last x-ray treatment had been given and U\o years after the first sign of ulceration 
was noticed. 


On detached at its upper portion and sutured into the 

lateral inni"in of tlie ulcerated area. Culture from this wound has sliown Strepto- 
heinolyticus, nonhemolytic streptococcus and beta-hemolytic streptococcus. 
cocci^ scarred tissue 3 \as excised from the nudpoition of the ulcerated 

On ec. - geution of the tubed pedicle wji-s opened out and i-iitured into the 

area an a jyqO, the reniainiiig ulecrafed area over the right loner 

wound. tl', '.ibdonien nns e.xei.-ed and the uiuiseii portion of the tube wan 

quaclratt ot le pjitient nns eared for in llie di.sj)ens;iry until nil .tinuse.H 

.sutured into Mav ■’ 19-19, tlie tubed pedicle »n.s detacheil from il.-< point of 

had healed. Oo • aj -j ^ Iuie^o^eopic e.\amination of the ti?aue removed 

origin near the Uiiw 
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at operation failed to sliow evidence of malignant degeneration. Skin, suljcutaneous 
tiisue, and rectus muscle tvere replaced by dense fibrous tissue. There were peri- 
vascular collections of lymphocytes and the large number of plasma cells seen in the 
tissues was striking. The ulcerated area showed necrosis of tissue with poly- 
morphonuclear leucocytes in its upper areas and lymphocytes and plasma cells in 



Fig. 16. — Case 8. Photoffraph taken Nov. 1, 1939, showing: the thoracicoepig^astric 
tubed pedicle which was constructed at operation in preparation for surfacing the de- 
fect after excision of the ulcer Tube measured 31 cm. m length. Previous attempt at 
excision of the ulceration with primao ciosuie had met with failure. 




Fig IT. — Case s. Photograph taken Dec 26. 1939, one month after detachment of 
the upper end of the thoi acicoepigastric tubed pedicle ami ,ts suture into tlm leU lower 
quadrant of tiie abdomen, lateral to the area of ulceration and fibrosis This ,-ime 
taken from the right side of the .ibdomen ^ftei the conkrucUon of the'tube In mter- 


the fihroiiN tissue beneath. The accompanying fat showed lymphocytic and plasm.a- 
ccll infiltration. The microscopic diagnosis was postradiation atrophv of skin and 
subcutaneous ti.ssucs ivitli chronic ioflamraation .and ulceration. The patient has liad 
no further compiaints. She was e.aammed in January, 1941, eight months after the 
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a;.t operation. .Vt tli.-it time tlu-n* tt.-i.f no .xyiiijitoni or .si^-n of recurrence 

oI the iiiuli-nuney of the orary for whieli thi.-, p.-itieiit ua.-, ori-iaallv .-ubjeetei to 
X-ray treatment. J'hoto-rapli,. .-horvimr tl.e appearance of th.- ulcenuions and the 
.-uecec.-ire .'taf^e.'- are .-.liimn in Fi”~. 13, lii, is, anii 1ft. 


1 lie nititii ease is tin e.xtimitie of the developineiit of ctireinomatous 
uleef of tlie tiufjer oeeiirriii": in a piiysieiiin wJio htul been e.xposed to 
both .\-ray.s ;nul raditiin over a period of twelve .veal's. The reports of 
Diivis,'-' of Beelere,*'' tind of Bhiir, Brown, and Ifninm'* tell of inan.v 
other eti.ses in wiiieh the ph.rsieian was the nnfortiiuate victim of the 
therapeutic inetisure which he employed. Witwer and Leiiciitia (1940)’^ 
reported that of 2S cases of inali"nanc.v in x-ra.v ulcers, S occurred on 
the haiuLs of ph.vsiciiins, surgeons, or dentists. Fortunatel.v, knowledge 
of the lU'evention of this development is now in the hands of all who 
work u'ith .\-ra.vs and radium. 



pj„ Case S. Photogr.iph t.iken Feb. l.->. 1910. two weeks after excision of tiie 

...lunortinn of tire ulcer and suture of the tubed dap into tlie niidabdoniinal and riglit 
lower abdominal wall. The flap is still attached by its pedicle to the point of origin 
lust medial to the anterior iliac spine. 

.Q Case S. Piiotograph taken May 23. 1910. three weeks after the detacli- 

hf file lower end of the tlioracicoepigastric tubed pedicle. This was tlie final 
Tiie patient has been followed for eight niontlis following tliis procedure, 
operatioi- . recurrence of ulceration or sinus and tliere has been no sign of 

There mm o carcinoma of tlie ovary for wliich the patient was treated origmally. 


p y. JJ. Case 270982.) Tliis case report is tliat of a oo-year-old 

■ho for twelve years had been exposed to x-rays in fluoroscopic work and 
surgeon ^jccct application in the practice of his profession. One year before 

to radium m jj^spjtal (Sept. 11, 1910), he noticed crusting of the skin over the 
admission “ j, liable finger. Several months later tlie area ulcerated, 

distal pha anx o healed onl.v to ulcerate again following the mildest trauma. 

Subsequently, >s • - -.-joa a small nodule appeared over the middle tiiird of the 

four months before anmiss 
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same finger on its dorsal radial aspect. This nodule grew sloivly in size and two 
months after its appearance it developed into an ulcer. The lesion was e.K- 
cpiisitely tender and gave rise to lancinating pains shooting np the forearm to the 
elbow. 

On examination the lesion presented itself as a punched-out ulcer 3 mm. in 
diameter with elevated edges through a diameter of 1.2 cm. There was no epi- 
trochlear or axillary adenopathy. Over the dorsal surfaces of the other fingers and 
thumbs of both hands there were several nontender, firm nodules 2 by 4 mm. in 
diameter. The finger was amputated at the metacarpoplialangeal joint. Alicio- 
scopic e.vamiaation of the specimen showed it to be a squamous-eeU carcinoma which 
had not invaded the periosteum or the tendon sheaths. The epidermis waa greatly 
thickened and e.xtremely hyperkeratotic. Chronic inflammatory cells were scattered 
throughout the corium. The patient has remained well in the five months since 
amputation of the finger. Artist ’s sketch of the appearance of the lesion is shown 
in Fig. 20, 



Fig-. 20 —Case 9. Painful ulcer of middle finger occurring m a physician who for 
tweive years had been exposed to x-rays and radium. The lesion nroied to he a 
squamous-cell carcinoma. a 


The .story in the tenth ea.se is regrettable in that malignancy of the 
skin of the face developed after .x-ray treatment for acne. Referring 
again to the report of Witwer and Leneiitia," 3 of 28 eases of roentgen 
malignancy followed treatment for acne. It seems to me that x-ray 
therapy is not jnstified in the treatment of aene not only because of the 
possibility of the late development of carcinoma, but also because the 
treatment causes such diffuse scarring of the skin and subcutaneous 
tbssues. Niles'* has reported clinical experiments in which patients 
were subjected to x-ray treatment of only one side of the face. His 
conclusion was that x-ray docs not cause fibrosis of the skin of the face 
when given for acne. However, it is my impression from experience 
with a great number of patients who sought relief from the deformity 
presented by scarred skin of the face after .x-ray treatment for aen; 
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that tli(> Icchinhnio of admiiiLsInilion of the vay and the re.spon.se on the 
part of tlie ti.s.suo is not .sullicienliy .staiulanlized to hear out Niles’ con- 
eUision.s. 

Ca.si. 10. (Ii. .\I., X. 1 . ii_ ('J 1 ...U 'flii.s ca.se report is tliat of .a 2t5-ye.ir- 

olil .Vmeriean-lHiiii t;irl who liail Miliereil from severe facial aene in the adolescent 
year.'. .Vt 1.: years of a"e she was ftiven about twenty ,x-ray treatments over the 
nose, eheek.s, ami ehin. The.se trealment.s left her with an .\-ray burn of the lower 
tiiee. I.;iter, eleetiolysi.s wa.s done by !i physician for the removal of hair from the 
lowi'r face. 1 he patient eum{)lained of the tiohtnes.s, p.allor, and shiny appearance 
of the skill over her no.-e, cheek.s, and chin from the date of completion of the 
x-ray treatment.s, but it was nut until >fuly, twelve ye:ir.s after the last x-r.iy 

tretitmein was j;i\en, that she noticed a small dark spot on the chin. She tranmatized 
thi.s by stpieeziuj; it and subseijueiitly noticed the appear.ince of many other small 
ttrayish black spots in the skin of the chin. 



Fie. 21. Fie. 22. 

ipig-. 21. Case 10. Basal-cell carcinoma of tlie chin occurring twelve years after 

-v-ray therapy for acne. Note the cluster of pigmented areas over the left lower chin. 
These areas v.rried from 1 to 2 mm. in size and were gray-black m color. 

wjf- 22. Case 10. Result after e.xcision of pigmented areas from right side of 

chin with primary closure and excision with whole-thickness graft to left side of 
chin. 


On examination the appearance of the patient was as shown in Fig. 21. The skin 
of the entire face was drawn, thin, and shiny. Over the nose, cheeks, and chin, 
areas showing loss of normal pigment alternated with areas in which telangiectases 
were prominent. Over the left side of the cliin, extending from the lip obliquely 
downward and outward, there were tw-enty minute areas of discoloration. These 
■ d from 1 to 2 mm. in diameter and appeared to he due to grayash black deposit 
corium Another smaller area under the lower lip on the right showed the 
in t le c discolorations. These were believed, at first, to be evidence 

same possibly due to the electrolysis. Preliminary biopsy on July IT, 

of trauma ic Microscopic examination of the tissue removed 

1910, showed tin » metaplastic epithelial cells in the subcutaneous tissue, 
showed scattere mntrix carcinoma of the ehin. On July 26, 1910, 

The microscopic diagnosis 
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radical exeiaioa of the involved areas was carried out. Elliptical excision on the 
right side of the chin allowed for primary closure. On the left side of the chin it 
was necessary to insert a whole-thickness free graft of skin 3.5 by 2 cm. in size. 
This was taken from the left postauricular area. Postoperative immobilization of 
the area was accomplished by wiring of the teeth and by a pressure dressing using 
sponge rubber. Tliere was tremendous edema of the lips in the early postoperative 
period. This subsided and the graft was a complete success. At no time was 
there any demonstrable adenopathy in the cervical region. This patient has been 
followed for twelve months. There has been no evidence of recurrence of the car- 
cinoma. The postoperative appearance is shown in Fig, 22. 

DISCUSSION 

The cases recorded in this report serve to emphasize the fact that, due 
to the present widespread application of x-rays and radium, the number 
of severe postradiation burns, sears, ulcers, and malignant tumors is 
increasing. These constitute a danger which should not be minimized. 
Often these afterelfeets result in amputation, in complete disability, oc- 
casionally in death. It is my firm conviction that x-ray or radium 
is not justifiable for the treatment of benign lesions when these are 
of a type and location that make them surgically accessible. The 
advancement of the principles of plastic surgery and the utilization 
of these principles in the management of both benign and malignant 
tumors of the surface of the body will serve to assign a greater per- 
centage of tumors of the skin to the field of surgery. The increase 
in the number of reported cases in which malignancy has followed 
the x-ray or radium treatment of inflammatory conditions of the 
skin is a regrettable circumstance which should be recognized by 
the profession. It is not my contention that, in the light of present 
knowledge, all malignant tumors should be treated by surgical excision. 
A combination of surgery and radiation is certainly desirable. How- 
ever, radiation in such cases should be given only by competent radiolo- 
gists who have a full appreciation of the danger of the elements em- 
ployed. 

SOniARY AND CONCLUSION 

Ten case reports are given in which deforming scars, indolent ulcers, 
or malignancy developed following x-ray or radium therapy. In six of 
these this therapy was employed for the treatment of benign lesions ; of 
these, two developed x-ray carcinoma. Another ease was that of a 
physician who developed cai’cinoma of a finger due to excessive exposure 
to the rays. In three eases, the postradiation ulcers developed after 
intensive treatment of inoperable malignancy. 

ilethods of surgical management of these deformities are listed, and 
examples of many of them are given. 

It Ls concluded that conservative measures are of little value in the 
eradication of the aftereffects of x-ray and radium and that these lesions 
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radical excision of the involved areas was carried out. Elliptical excision on the 
right side of the cliin allowed for primary closure. On the left side of the chin it 
was necessary to insert a whole-thickness free graft of skin 3.5 by 2 cm. in size. 
This was taken from the left postauricular area. Postoperative immobilization of 
the area was accomplished by wiring of the teeth and bj’ a pressure dressing using 
sponge rubber. There was tremendous edema of tlie lips in the early postoperative 
period. This subsided and the graft was a complete success. At no time was 
there any demonstrable adenopathy in the cervical region. This patient has been 
followed for twelve months. There has been no evidence of recurrence of the car- 
cinoma. The postoperative appearance is shown in Fig. 22. 

DISCUSSIOX 

The cases recorded in this report serve to emphasize the fact that, due 
to the present tvidespread application of x-rays and radium, the munber 
of severe postradiation burns, sears, ulcers, and malignant tumors is 
increasing. These eonstihite a danger which should not be minimized. 
Often these aftereffects result in amputation, in complete disability, oc- 
casionally ui death. It is mj’^ firm conviction that x-ray or radium 
is not justifiable for the treatment of benign lesions when these are 
of a tjnpe and location that make them surgically accessible. The 
advancement of the principles of plastic surgery and the utilization 
of these principles in the management of both benign and malignant 
tumors of the surface of the body will serve to assign a greater per- 
centage of tumors of the skin to the field of surgeiy. The increase 
in the number of reported eases in which malignancy has followed 
the x-ray or radium treatment of inflammatory conditions of the 
skin is a regrettable circumstance which should be recognized by 
the profession. It is not my contention that, in the light of present 
knowdedge, all malignant tumors should be treated by surgical excision. 
A combination of surgery and radiation is certainly desirable. How- 
ever, radiation in such eases should be given only by competent radiolo- 
gists who have a full appreciation of the danger of the elements em- 
ployed. 

SUJUURY AXD COXCLUSIOX 

Ten case reports ai’e given in which defonning sears, indolent ulcei's, 
or malignancy developed following x-ray or radium thei’apy. In six of 
these this therapy was employed for the treatment of benign lesions; of 
these, two developed x-ray carcinoma. Another case was that of a 
physician who developed carcinoma of a finger due to excessive exposure 
to the rays. In three eases, the postradiation ulcers developed after 
intensive treatment of inoperable malignancy. 

ilcthods of surgical management of these deformities are listed, and 
examples of many of them are given. 

It is concluded that conservative measures are of little value in the 
eradication of the aftereffects of x-ray and radium and that these lesions 
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tliat liic tc(‘Imi(nu! of admiiiistrafion of llio ray and tlie response on the 
I>art of I lie tkstic is not stifficientJy standardized to hear out Niles' con- 
clusions. 

Cask 10. (K. X. \. It. (’um> Thi.-f ciuse report is tliat of a 2C-year- 

olil Amoricau-horu nirl who hail .sullVioil from severe facial aene in the adolescent 
year.s. At 111 years of a-e she was Kiveii about twenty x-ray treatments over the 
no.se, eheelis, and ehin. The.se treatments left her with an .x-ray burn of the lower 
taee. l.ater, electiolysis was done by a physician for the removal of hair from the 
lower face. Ihe patient eumplained of the tiyhtnes.s, pallor, and shiny appearance 
of the skin over her no.-e, eheeks, and chin from the date of completion of the 
x-ray treatments, but it was not until .Tuly, 19111), twelve years after the last x-ray 
treatment was };iven, that .she noticed a small dark .spot on the chin. She traumatized 
this by squee/.injjf it and sub.sequentlj' noticed the appearance of many other small 
grayish black spots in the skin of the ehin. 





ipig-. 21. — Case 10. Basal-cell carcinoma of the chin occurring twelve years after 
x-ray therapy for acne. Note tlie cluster of pigmented areas over the left lower chin. 
Tliese areas varied from 1 to 2 mm. in size and were gray-black in color. 

j-jg. 22. Case 10. Result after excision of pigmented areas from right side of 

chin with primary closure and excision with wliole-thickness graft to left side of 
chin. 

On examination the appearance of the patient was as shown in Fig. 21. The skin 
of tlie entire face was drawn, thin, and shiny. Over the nose, cheeks, and ehin, 
areas showing loss of normal pigment alternated with areas in which telangiectases 
were prominent. Over the left side of the cliin, extending from the Up obliquely 
downward and outiv.ard, there were twenty minute areas of discoloration. These 
■ d from 1 to 2 mm. in diameter and appeared to be due to grayish black deposit 
orium Another smaller area under the lower Up on the right showed the 
in the CO • discolorations. These were believed, at first, to be evidence 

same pmpoin , pggibly due to the electrolysis. Preliminary biopsy on July 17, 

of traumatic not SO- jMicroscopic examination of the tissue removed 

I9i0, sho^ved la ^ metuplastic epithelial cells in tlie subcutaneous tissue, 
showed scattered areas _ matrix carcinoma of the chin. On July 20, 2940, 

The microscopic diagnosis %vas 




SHOULD THE PLBUKAL SPACE BE REDUCED IN SIZE 
IN THE RESECTION OF LUNG TISSUE ? 

Ax EXPKRniEXTAL Study^ 


Richard A. Rasjiussex, M.D., W. E. Adajis, M.D., axd 
L. S. Hkdixa, Chicago, III. 

(From the Department of Surgery of the Vnirersity of Chicago) 

I NTRATHORACIC operations have enjoyed a high degree of success 
■ivithin recent years. At the present time resection of iiuig tissue for 
inflammatory and neoplastic lesions is a commonplace procedure. This 
marked advance has been due to sevei-al factors ; namely, improvement in 
diagnostic methods, better preoperative preparation of the patient, more 
attention given to postoperative management, and improvement in opera- 
tive procedures, iilany unsolved problems remain in this field of thoracic 
surgery and in spite of the advancement there is much room for improve- 
ment in the present mortality and morbidity. 

Clinically, the advisability of obliteration of the pleui’al space in 
resection of lung tissue in bronchiectasis and other destructive disease 
of the chest has long been a question of importance, particularly from 
the standpoint of the immediate postoperative convalescence and the 
late effects on the remaining lung tissue. 

Many believe it advantageous to prevent overdistention and subse- 
quent fragmentation of the parenchyma by reduction of the pleural 
space at the time of resection. Further, it is a question as to whether 
thoracoplasty should accompany or follow total pneumonectomy 
(Graham,' Reinhoff'). Such questions arise in the surgical treatment 
of bronchiectasis, tumors, and other conditions, where a large portion of 
the total lung is removed. Wound healing, obliteration of the pleural 
space, residual pneumothorax, cardiorespiratory effort, vital eapacitj’, 
and the future comfortable existence of the patient may be markedly 
affected by these factors. 


In recent work in this laboratory it was shown that the lung capacity 
in dogs could be reduced to 15 per cent of its total.^ This experimental 
reduction was accomplished over a period of nineteen months by 
lironchial stenosis and by re.section rvith subsequent stenosis. It was 
found that the procedure was best tolerated where a four- to six-week 
inteiwal elapsed between stages of I'cduction. As a result of the over- 
distention of the remaining pulmonary tissue marked stretching and 
fragmentation of the alveolar walls occurred and persisted. In view of 

University Surgeons at .St. Louis. AIo.. 


•This work was done in part under a er’inf 
for M«Ucal IW.sfarch of the UniverSlly of Chtotffof ® Douglas 


Smith Foundation 
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nuKsl 1)0 ti'catod hy sur{'ory. I’oovoiilioii ol’ the occurroiieo of the.se com- 
pliejilions ol radijilioii (lioi’apy i.s a "oal toward wliieh the medical 
pi'ofe.s.sioii iiiu.sl .strive. 


1. jrsirou.'iu, \\.: Xiiclitrai; zii deiii Fall von Peniiiititi.'i und Alopecie nach 

I)uri'lili>u('litun;,'.svL‘r.sii(;hi‘ii mil Ifoeiit^fen.strohli'ii, Pent.'-clio. ined. Wchn.schr. 
21: (!.S1, l.SlKi. 
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(.Serie.s It) 123: 21.3, 1!).37. 

•1. Itruner, Edward: Ziir Hcdiandluii" der noL'iitguiiucIeration der Haut, Strahlen- 
thorapiu 36: 37.3, 1D.30. 

,3. Cannon, A. Ilen.'-on: 'I'lio Treatment of X-rav Burn.s and Other Superficial 
Ei.-.fij,'urement.s, Xew York .State .1. Jlcd. -10: .3!)I, 1010. 
t>. Seliweit/er, Arthur: 33u> Extermd Application of Pancrea'i Hormone in 
Dormatolof^y With Special Iteferenee to the Treatment of Ulcus Cruris and 
Hoentften Ulcer, Uroi. & Cutati. Itev. -10: .33.3, 1936. 

7. ^Mandoviiie, F. B.: Aloe Vera in the Treatment of Kadiation Ulcers of 
Alucou.s Wemlirane.s, Eadiology 32: ;30.S, 1039. 

S. MaclCee, fleor^je M.: X-rays and Eadium in the Treatment of Diseases of 
the Skin, od. 3, Philadelphia, 19.3S, Lea and Febiger, pp. 319-320. 

9. Loricho, Eeno, and Fontaine, Eene: Ec.snltat.s de la sympnthectomie peri- 
arterielle dan.s les ulceres (ie la radiodermite, Eev. de chir. 68: 167, 1930. 
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137: 077, 1920. 
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12. Conwav, Herbert: Xotes on Cutaneous Healing in Wounds, Surg., Gynec. 

& Obst. 66: 110, 1938. 
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11. Webster, Jerome P.: Thoracico-Epigastric Tubed Pedicles, S. Clin. North 
America 17: 115, 1937. 

15. Davis, J. S.: The Treatment of Deep Eoentgen-Eay Burns bj' Excision and 

Tissue-Shifting, J. A. JL A. 86: 1132, 1926. 

Idem: Some Hazards of Eadiation, Ann. Surg. 103: 836, 1936. 

Idem: Deep Eoentgen-Eay Burns, Am. J. Eoentgenol. 26: 890, 1931. 

Idem: Clinical Illustrations of Deep Eoentgen-B.ay and Eadiuni Burns, 
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BAS3IUSSEX ET -\L. : KESECTIOX OP LUXG TISSUE Si 

Tite musck-spliltmg ineision pToved superior in our hands, the closure 
Itg StisfacW and healing taking place uith le^ sinus fonna- 

The sui-kal pneumothorax ^vas partially or eompletely elimmated 
by te S a pnemuothorax machine immediately upon discontinuation of 

otecmd to to'»al tom-s after operation to 

note Immediate changes. They %vere then returned to their quarteis, no 
telta special care hemg given. They vvere observed tve<,nently there- 
after for evidence o! dyspnea, loss ot weight, or any other ehangc. 



BroncJiiul Stenosis. — Tile dogs ivere given morphine and atropine 
before bronchoseopy. Cauterization with a 35 per cent solution of 
A^N't "-as then done in the manner described by Adams. ' The bronchus 
usually closed after one or two applications. The dogs were broneho- 
seoped routinely at two-week intervals to check closui'c of the bronchus. 

Postoperative Course . — Fluoroscopic and roentgenologic e.’caminations 
with and without iodized oil were carried out at intervals to study the 
intruthoraeic alterations. Eleetrocardiogranis were also made. 


MUUOKRV 


SO 


t!»; conlrover-sy ovoj- Die- Hijiic.-ii [nvhlom it wan tliouKlit wortli while to 
lost tlio ofl-(Tl or [ntrdoi oi>litei'ntioti of the residua! })Ieiiral spare on the 
ulliuiatu physiolojfic <uid palholo;fic alteration of the remainin'' lung. 
Thi.s ohnUivatUm was ureomplislml hy bilateral permanent paralysis, 
bilaterul (euiporary jjaralysis, and unilateral pcnmuicnt and temporary 
paraly.sis of the dia;)hragm. Thoraeoplasty in dogs with its difficulty 
and a.ssoeialod high mortality has ttot as j’Ct been studied very exteiV' 
sivcly. 

KX'eKKI.UKN’T.\n w'okk: 


Functioning lung ti.ssue wa.s reduced iii a total of thirty-three dogs. 
TweiUy-six dogs survived the first operation. These were subjected to a 
second opcimtion and sonic of them to further reduction by bronchial 
stenosis. Various typos oC phrenic nerve pai’alyses were done at all 
oi)erafioii.s. Healthy adult mongrel dogs of varying sizes and breeds 
were used in the work. 

I'KOCKDURE 


Lobcctomij . — ^IMorpliine and atropine were used preoperatively. Inti’a- 
traeheal positive pressure other anesthesia was used.^ The technique 
varied as to the side of the first-stage operation. The approacli was made 
by either dividing or splitting the muscles of the chest. Resections were 
done througli the intercostal space or tlirongh a resected rib bed. The 
lobes were first mobilized by cutting the pulmonary ligament. The pul- 
monary artery was then isolated and sectioned after a triple ligation; 
two ligatures proximal and one distal. The pulmonary vein was then 
isolated and doubly ligated before section. Tlie main bronchus was 
denuded and a soft right-angled damp applied after which the lobe 
or lobes were removed by sharp dissection. The exposed mucosa was 
painted with a 10 per cent solution of AgNO,, and wiped with alcohol 
before closure was begun. Interrupted silk sutures were then placed 
in the bronchial stump. These sutures were numerous enough to oc- 
elude the bronchial arteries and to make the broneJins I'clatively airtight. 
The stump was then inverted by one or two semi-purse-string sutures of 
fine silk (Pig- !)• The phrenic nerve was either crushed or a 2 cm. 
section removed, pennitting the diaphragm to rise. The water I'csistance 
to outflow from the ether mask was increased slightly (15 to 30 cm. H^O), 
to obliterate partially the pleural space before closure iras effected. 
Care was taken never to exceed 20 to 30 mm. Hg wall pressure through 
the ether machine. Closure was carried out by an interrupted running 
No 0 to 00 fortj'-day chromic catgut suture where the incision %vas 
, resected rib bed; in the interspace incision, two double 

d of No 50 iron-dj'ed linen perieostal sutures were placed first, after 
\hc interrupted running catgut suture w'as used. The mirsele 
winei ^ closed with internipted catgut sutures, subcutaneous tissue 
layers were interrupted black .silk. 
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diaphragmatic paralysis accompanied the operations. About three months later 
the dog Tvas able to tolerate a reduced pressure of 2S2 mm. Hg (25,000 feet) without 
loss of consciousness. 

Aug. 10, 19S9. — A right lower and accessory lobectoraj- was performed and the 
phrenic nerve sectioned. There was no dyspnea or other abnormal effect. The dog 
ate and was in good condition, two days later. 

Oct. 14, 1939. — Fluoroscopy revealed the chest cage aerated bilaterally. The 
right diaphragm showed no active motion. General condition was good. 

Oct. SO, 1939. — A left lower lobectomy was performed through the sixth inter- 
space and the phrenic nerve sectioned. Some difficulty was had uniting the anterior 
intercostal wound .so that an astonishing degree of subcutaneous emphysema de- 
veloped on the dog’s left side. This extended even down the left leg. The dog was 
quite dyspneie at the end of operation but improved slightly after removal of 200 
c.c. of air from the left chest. iSfo air was found in the right chest. The condition 
was considered poor. There was marked improvement in twenty-four hours and no 
difficulty thereafter, 

Jan. 5, 1940. — ^Fluoroscopy and broneliograms revealed the three remaining lobe's 
filling the pleural space. Both diaphragms were paralyzed. (Fig. 3A.) 

Feh. 3, 1940. — Bronchoscopy. A 35 per cent solution of AgNO, was applied to 
the left upper lobe bronchus. The general condition was good. 

Feb. 17, 1940. — Bronchoscopy, The left upper lobe bronchus was closed. 

March 3, 1940. — ^Bronchoscopy. The right middle lobe bronchus was cauterized. 
March 19, 1940. — Bronchoscopy. The right middle lobe bronchus was closed. Only 
the right upper lobe bronchus remained open. 

April 17, 1940. — Fluoroscopy. The right chest was well aerated. The diaphragms 
were motionless, the left higher than right. The left upper thoracic region was 
dense. 

May 3, 1940. — Broneliograms showed the right upper lobe aerated (Fig. 3B). 
June 5, 1940. — The dog was placed in the evacuation chamber at 3:-19 p.il. Some 
respiratory' difficulty was exhibited at 395.4 mm. of Hg (17,000 feet). The dog was 
uneasy at a pressure of 3(34 mm. of Hg. (19,000 feet). There was slight dyspnea at 
349.2 mm. of Hg (20,000 feet) and this was more marked at 282 mm. of Hg. 
(25,000 feet) . The dog was unsteady, moved slowly about the cage. He fell down 
at 23,000 feet but was not unconscious. There was some cyanosis at 3:54 p.M. 
Fressnve off at 3;o3 P.vi- The dog was out and walking about normally at 3:57 p.M. 
This dog was not tahen up faster or farther because he was not to be sacrificed. 
June SI, 1940.— The dog was in good health. The respiratory effort suggested 
that the dog was dyspneie, but there w.as no cyanosis. He was unable to pant. 
(Dog 30 had same type of respiration.) 

February, 1941.— This dog, No. 621, has remained in good health to date. At 
rest he still appear.s dyspneie due to the peculiar intercostal type of breathing. 
There is no cyanosis evident except on extreme exercise. 

RESULTS OP EXPERIJIEXTS 

The experimental work on the series of twenty-six dogs is presented 
in Table I. The dogs liave been grouped according to tlie degree of 
obliteration of pleural space and to the amount of reduction in luu" 
function beyond the two-stage operation. Prom a study of the chart 
it is apparent tliat Groups I, II, and VI represent primarily a study 
of the effect of varying degrees of reduction in pleural space; whereas, 
(Iroup.s in, IV, and V arc a comparative study of various decrees of 
reduction in lung tis.sue or function. ^ 


ss 


SUIWKUV 


lest of Reserve. J'lie dogs were exereised by running at intervals 
to observe signs of resi)iratory diftieulty. 

I’uiliier tests were carried out with an evaeuation chamber into which 
llie dogs were placed. The air pre.ssure was then reduced, thus simulat- 
ing liigh altitudes. Readings were made in thou.sands of feet. The 
])re.ssure was decreased at the rate of 3,000 to 6,000 feet per minute until 
the dog lost conseiousness. The chamber was then opened and the pres- 
sures e([ualized in one to two mimite.s. 


Animals were saeritieed at various intervals by use of the electric 
eurrent." G'ro.ss alterations of thoracic contents were noted. Specimens 
of the lung wore prepared by drying (air), b}* the Spalteholtz method 
of clearing, by Wood’s metal casts of the tracheobronchial tree, and by 
ordinary formalin fixation for histologic stud}'. 


UiiorocoL, J. — Dog 917. Houlthy dog weighing 12.9 kg. 

Keduetion of lung fnnctiou to .'i8.7 per cent" of normal by bilateral operations 
which were performed .seven weeks apart. Three months later this dog was able to 
tolerate reduction of atmo.spheric pressure to 502.6 mm. Hg which is equivalent to 
an altitude of .'12,000 feet.s 

Ja7i. 12, 19-10 . — A loft lower lobectomy was performed through the sixth inter- 
.spaco tiiul the phrenic nerve eru.“hed. Jfo dyspnea or other complication followed 
operation. Phrenic function returned in ten weeks ns determined by fluoroscopy. 

March 7, 1910 . — A right lower and accessory lobectomy was performed through 
the seventh rib bed and tlio phrenic nerve crushed. After the operation there was 
slight dysi)nea which had disappeared sixteen hours later. 

The dog ate poorly for about one week, then gained rapidly. Fluoroscopy on 
April 17, 1940, showed the lungs aerated. There was no fluid or pneumothorax. 
The heart was in the midline. The left diaphragm was active; the right showed no 
active motion. 

May 10, 1910 . — Bronchography revealed the left upper and right upper and 
middle lobes aerated. 

June 1, 1910 . — Fluoroscopy demonstrated no fluid or pneumothorax and that con- 
siderable iodized oil remained in the lungs. The heart was in the midline. Both 
diaphragms were active. 

June 5, 1910 . — The dog was placed in the evacuation chamber at 11:35 a.m. 
The air pressure was reduced to 428.8 mm. Hg (15,000 feet altitude) in two min- 
utes. There were no signs of distress and respiration was unchanged. At 411.8 mm. 
Hg pressure (16,000 feet) there was panting respiration. By 11 :39 A.ji. the pres- 
sure was reduced to 349.2 mm. Hg (20,000 feet). Eespiration became slower and 
deeper at 307.4 mm. Hg (23,000 feet). The dog was in distress, trying to stand, 
fumbling about and salivating at 225.5 mm. Hg (30,000 feet). He fell over against 
the drum at 205.8 mm. Hg (32,000 feet) at 11:41 A.ir. There was some dyspnea and 
c anosis The pressure wms returned to normal at 11:42 a.at. The dog recovered 

walked out of the chamber at 11 :45 a.m. 

5 1910. Sacrificed. The trachea clamped and chest opened. There was 

0 ’ or pneumothorax. The remaining lungs were adherent to the lines of 
no hydro moderately overdistended. The heart showed no abnormalities, 

incision 

See Fig. 6 for histology. 

O Pon- 021. A healthy white terrier of 10 kg. 

Protocol _. o to 15 per cent of normal by bilateral operations eleven 

Keduction ot w ^ collapse by bronchial stenosis. Bilateral permanent 

weeks apart, plus a 
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months after the second-stage operation the left diaphragm had re- 
covered its function. Five months after the last operation the left 
upper lobe urns removed. The dog had no difficulty during the opera- 
tion which was easity done. Afterwards, the respirations were deeper 
than normal. No cyanosis was present at any time. A temporary 
cardiac irregularity developed and an electrocardiogram was taken. 
This showed a tendency to premature auricular contractions and alter- 
nating e.vtrasystoles. There was a tendency to slight left axis deriation. 
The dog did very well for one week and then suddenly began vomiting 
all food. He died on the twelfth postoperative day. At autopsy the 
lower third of the esophagus was markedly dilated. The left chest was 
free of fluid and air and the incision was well healed. The right upper 
lobe filled the upper portion of the left chest. 

Group III . — Unilateral permanent paralysis of the diaphragm and 
reduction of lung function to 15 per cent of normal. The average time 
between operations was fift 5 '-four days. Pour dogs are shown. Dog 602 
died after the second operation and at autopsy the right middle and 
upper lobes were atelectatic. Dog 612 was in a poor nutritional state 
and failed to survive the second operation. At autopsy a small empyema 
was found on the right side. Two dogs were reduced to one lobe. 

Group IV . — Unilateral permanent and temporary paralysis of the 
diaphragm with reduction of lung function to 15 to 30 per cent of nor- 
mal. The average time between operatioms was eighty-five days. Three 
dogs are shown and all had bronchial stenosis. Dog 636 was broncho- 
scoped on several occasions irith cauteiy of the left upper lobe bronchus 
which failed to close. At autopsy this lobe was found to be consolidated. 
The lung function of Dog 687 was reduced to one lobe. He died follow- 
ing bronchoscopy about one week after the right middle lobe was closed. 
The dog had not seemed unusual and at autopsy there was no apparent 
cause of death. Dog 869 was reduced to two lobes but was unable to 
tolerate bronchoscopy after the preoperative sedation. Extreme cyanosis 
developed on several attempts. 

Group F. — Bilateral permanent paralysis of the diaphragm and reduc- 
tion of lung function to 15 per cent of normal. The average interval 
between operations was fifty-eight days. Four dogs are presented. 
There were two distemper deaths, one and two weeks after the final 
cauterization. One dog (No. 30) was sacrificed and one (No. 621) is 
living. 

Group y/.— Bilateral temporary paralysis of the diaphragm and re- 
duction of lung function to 30 per cent of normal. The time between 
operations was thirty-six days, the interval on the last two dogs being 
22 days. Two dogs were sacrificed several months after the .second stage 
operation. Dog 886 having had an additional thoracotomy for crushing 
the right phrenic nerve, wliich was not done at the second operation. 



SlJlMIKIiV 


Tabi,e I 


J{i:i>ccTWN- IN- Luxe. I-’cnction With ui; Without Oblituuation of Resuiuai, 

Ri.KUUAh Si-AC'K IN 2(5 Dogs 


oitours snowi.No TYru or rnimNiu 
rA!(.VI,Y.SlS UK.DUCTION UY 
STKNOSIS 

I>OGS IN' 
GltOUI* 

BILATEUAL 

OFKHATIOX 

ABWTiONAL 

JiEDUCTIO.V 

1. itilaferal ponnunent piiraly.sis* 

11. Unilateral periiuuieat paraly.si.s anil 
unilateral temporary paralysi.s 
lir. Unilateral pernianent paralysis and 
sublet Iial reduetion 

IV. Unilntornl permnnent, unilateral 
toiuporary paraly.sis and .sub- 
lethal reduction 

V. Bilateral permanent paralysis and 
sublethnl reduction 

Vr. Bilateral temporary puralysis 

7 

ij 

■i 

1 ‘J 

■i 

« 

7 

2 

3 

4 

(5 

0 

1 

(operative) 

2 

3 

4 

0 


inchuied in tliia gfouii died after the first-stage operation from vari- 
ous causes (see text). 


Tiible II sliows in some detail the work on twenty-six individual dogs. 
Tlio general grouping presented in Table I is followed. Tlie reduction 
by operative stages and by bronchial stenosis is presented and the in- 
tervals befu-een reduction iire shown. Tliese vaiy from three (Dog 939) 
to fourteen weeks (Dog 871). The causes of death or other end results 
arc sliotvn. 

Groiq) 1 . — Bilateral permanent paralysis of the diaphragm and reduc- 
tion of lung function to 38.7 per cent of normal. Seven dogs are in- 
cluded in this group. The dogs had bilateral operations removing the 
left lower and right lower and accessoi-y lobes. Phreniceetomy was per- 
formed at both operations. The average lengtli of time betweeii opez'a- 
tions was sixty-nine daj-s. Two operative deaths occurred from asphyxia, 
one due to a surgical pneumothorax and the other to the pre-existing 
fibrosis and atelectasis on the left upper lobe which was found at autopsy. 
Two deaths occurred twent\--four hours after operation due to distemper 
which had been present at the time of the second operation. Three 
dogs were sacrificed several months after the second operation. Their 
reaction to rarified atmosphere seemed normal. 

Group II . — Unilateral permanent and temporary paral^’sis of the 
diaphragm and reduction of lung function to 38.7 per cent of normal. 
The average time betAveen operations was sixty-nine days. It will be 
noted that dog 867 had a more extensive reduction at the first stage 
than usual, the right middle, lower, and accessory lobes being removed. 
Plirenicectomj^ was done. Five weeks later the left lower lobe was 
removed and the phrenic nerve crushed. This dog's postoperative course 
was not unnsual aside from some coughing several weeks after operation. 
This we believed to be due to the loosening of bronchial sutures since 
bronchoscopy and x-ray examination revealed no other cause. The 
bronchial tree was well outlined by iodized oil (Fig. 2). About three 
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montlis after the second-stage operation the left diaphragm had re- 
covered its function. Five months after the last operation the left 
npper lobe was removed. The dog had no difficulty during the opera- 
tion which was easily done. Afterwards, the respirations were deeper 
than normal, Xo eyanosLs was present at any time. A temporary 
cardiac irregularity developed and an electrocardiogram was taken. 
This showed a tendency to premature auricular contractions and altei-- 
nating extrasystoles. There was a tendency to slight left axis deviation. 
The dog did very well for one week and then suddenly began vomiting 
all food. He died on the twelfth postoperative day. At autop.sy the 
lower third of the esophagus was markedly dilated. The left chest was 
free of fluid and air and the incision was well healed. The right upper 
lobe filled the upper portion of the left chest. 

Group III . — Unilateral pemianent paralysis of the diaphragm and 
reduction of lung fiuiction to 15 per cent of normal. The average time 
between operations was fifty-four days. Four dogs are shown. Dog 602 
died after the second operation and at autop.sy the right middle and 
upper lobes were atelectatic. Dog 612 was in a poor nutritional .state 
and failed to survive the second operation. At autop.sy a small empyema 
was found on the right side. Two dogs were reduced to one lobe. 

Group IT . — Unilateral permanent and temporary paralysis of the 
diaphragm with reduction of lung function to 15 to 30 per cent of nor- 
mal. The average time between operations was eighty-five days. Three 
dogs are shou-n and all had bronchial stenosis. Dog 636 was broncho- 
scoped on several occasions with cautery of the left upper lobe bronchus 
which failed to close. -A.t autopsy this lobe was found to be consolidated. 
The lung function of Dog 687 was reduced to one lobe. He died follow- 
ing bronchoscopy about one week after the right middle lobe was closed. 
The dog had not seemed unusual and at autopsy there was no apparent 
cause of death. Dog 869 was reduced to two lobes but rvas unable to 
tolerate bronchoscopy after the preoperative sedation. Extreme cyanosis 
developed on several attempts. 

Group T . — Bilateral pemianent paralysis of the diaphragm and reduc- 
tion of lung function to 15 per cent of normal. The average interval 
between operations was fiftj--eight days. Four dogs are presented. 
There were two distemper deaths, one and two weeks after the final 
cauterization. One dog (Xo. 30) was sacrificed and one (Xo. 621) is 
living. 

Group Uf.— Bilateral temporary paralysis of the diaphragm and re- 
duction of liuig function to 30 per cent of normal. The time between 
operations was thirty-six days, the interval on the last two dogs being 
22 days. Two dogs were sacrificed several montLs after the second stage 
operation. Dog 886 having had an additional thoracotomy for erushin? 
the right phrenic neiwe. which was not done at the second operation. 
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• _ 1 

FURTHER REDUCTIOX 

RE5IARKS 

c 

RESULT 1 

STENOSIS 

USH 

VELL 

DIED 

LOBES 

DATE 



X 


] 

Died when auci-thesia was discontinued; op- 
enitive 



X 



Died wheu anesthesia was discontinued; 
left upper lobe atelectatic; operative 






6/5/40; evacuation chamber, 30,000 ft.; 
sacrificed 


T 




Died 3/7/40; right middle and part of left 
upper lobes consolidated; distemper 


X 




Died 3/2S/40; right middle and part of 
left upper lobes consolidated; di.s- 
temper 


-r 




6/10/40: evacuation chamber, 25,000 ft.; 
sacrificed 


-r 




6/3/40: evacuation chamber, 32,000 ft.; 
sacrificed 


-r 




6/5/40: evacuation chamber, 31,000 ft.; 
sacrificed 


T 


Left upper lobec- 
tomy 

1 

6/19/40 

Died 7/1/40; dilatation of esophagus with 
vomiting 






Died when anesthesia was discontinued; 
atelectasis of right middle and tension 
pneumothorax ; operative 

1 

1 

+ 

1 


Died as operation was being completed; 
emaciated and had small empyema on 
right; operative 


'V 


Left upper to 1 
miu. 

Eight middle 

5/ 6/40 

5/31/40 

Killed in evacuation chamber at 26,500 ft. 
0/3/40 


-f 


Left upper 

Right middle 

2/ 3/40 
3/ 2/40 

6/7/40; evacuation chamber, 26,000 ft.; 
sacrificed 

-f 

■f 


Left upper faileo 
to close 

Right middle 

3/19/40 

6/20/ 40 : sacrificed 


X 


Left upper 

Right middle 

3/19/40 

3/19/40 

Died 3/25/40, no apparent cause; pneumo- 
thorax ? 

T 

X 


Left upper 

5/16/40 

6/21/40; evacuation chamber, 24,500 ft.; 
sacrificed 


+ 


Left upper 

Right middle 

10/7/39 

Died 11/18/39, two weeks after last cau- 
terization 

Right upper and right middle consolidated; 
distemper 


•f 


Left upper 

Right middle 

5/ 6/40 
5/31/40 

6/20/40 : sacrificed 


+ 


Left upper 


Died 5/1/40, one week after last cauteriza- 
tion; right upper, right middle, and 
part of left upper consolidated ; dis- 
temper 


■ 


Left upper 

Right middle 

2/17/4C 

3/19/4C 

1 Evacuation chamber, 25,000 ft.; living 
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Left lower 
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5/ 0/-M) 
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Left lower 
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ISO 
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5/10/40 
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Left lower 

6/U/ 


ISO 
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azid .'iceessory 
middle 

5/22/40 


+ 
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Left lower 

0714/ 



Right lower 
iind accessory 
middle 

5/2.V40 


+ 

+ 


Left lower 

li/w 


The remaining four dogs were subjected to a trilobectomy at the first 
operation, and a second-stage left lower lobectomy about three Aveeks 
later. The left diaphragm of these dogs rvas not paralyzed. Their post- 
operatiA^e courses differed in no AA’aj’’ from other dogs in the series. 
At a later date aa’o plan to I'esect the left upper lobe and crush the 
phrenic nerA’c. 


There AA'cre seven dogs Avhieh died after the first-stage operation. The 
causes of these deaths Avere as folloAA's: tAvo of AA'onnd infection and 
pneumothorax, tAVO of distemper, one of erosion of an intercostal vessel 
causing fatal hemorrhage (this AA'as at the site of the pericostal suture), 
one due to a gross bilateral empyema, and one operative death due to 
a needle puncture of the middle lobe. In the latter the pneumothorax 
could not be controlled and the dog died later during a reoperation in 
an attempted middle lobectomy. 

It is obAdous that these seven dogs represent the mortality for the 
entire series as regards surviA'al of the first-stage operations; no other 
early deaths occurred. 

Table III shoAvs the immediate effects, late physiological and physical 
effects, and gross and microscopic findings after obliteration of the 
pleural space bj' phrenic nerve interruption. Diaphragmatic paralysis 
Avas permanent, temporary, and combined in character. As indicated, 
more marked gross overdistention of the remaining lung occurred in 
doo-s with the temporary paralysis. On microscopic examination the 
most extreme degree of change was found in dogs Avith permanent 
1 'sis This change Avas in the terminal respiz-atory units. 

T ble IV shoAVS the immediate and late effects of varying degrees of 
rediietion in functioziing lung. The cause.s of dcizth are also indicated. 
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i'ubthek redcctiox 
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RESULT 1 

STENOSIS 

BE-UARKS 

'SH 

WELL 

DIED 

LOBES 

date 







t5/5/-IO: evacuation chamber, 32,000 ft.; 
sacrificed 


4- 


Plitettic crushed 

•i/ii/ib 

6/7/dO; sacrificed 


A. 


1 


Living 


4- 

1 


1 


Living 


+ 




Living 


TT 




Living 


niilEDUTE EFFECTS 

The immediate effects of reduction of lung function are presented in 
Tables III and lY. There was no cardiorespiratory embarrassment 
following bilateral resection of lung tissue or witli additional reduction 
by bronchial stenosis, with the following exceptions: Dog 993 developed 
a cardiac irregularity and cessation of the heai't beat during operation. 
An injection of 1 c.e. of 1 :1,000 adrenalin intracardially was followed 
by recovery; Dog 636 was rather dyspneic for twenty-four hours after 
the second operation; Dog 621 exhibited marked dyspnea associated 
with an extensive subcutaneous emphysema on the left side, both per- 
sisting for twenty-four hours. 

A tendency to gastric dilatation immediately following plirenic nerve 
paralj'sis necessitated decreasing the intratracheal positive pressure and 
in a few instances I’equired postoperative aspiration of air from the 
stomach. The diaphragm was elevated and immobile when crushed or 
sectioned. 

The sequence and interval between operations varied. In several 
dogs only one lobe was removed at the first operation, and two lobe.s at 
the second operation. In the majority of the animals, however, the 
sequence was reversed, the larger amount of lung being removed at the 
first operation. In general this latter procedure was more easily 
tolerated. 

The interval between operative stages varied from three weeks to four 
montlis. If, following the first stage, the animal remained in a good 
nutritional state, and without complications, the second stage was as 
well tolerated in three weeks as in four months. 
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pneiunotliovax observed after the immediate postoperative period. In 
the previous work referred to spontaneous pneumothorax was oh.served 
on numerous occasions when reduction of the lung function was accom- 
plished hj” bronchial stenosis. It was noted on the side of greatest 
collapse. We had no case of spontaneous pneumothorax, altliough it was 
suspected in Dog 687. Large emphysematous bullae were found at 
autopsy in several instances however. These were in the one- (15 pei' 
cent) or two- (30 per cent) lobe dogs, No. 695 in particular. In one 
instance a large bulla was found in a three-lobe (3S.7 per cent) dog 
(No. 886). 

Permanent bronchial closure was routinely obtained by the method 
described. At autopsy the stumps were firmly healed, although suture 
material persisted m some cases. 

Cardiac Phenomena . — No cardiac irregularities were noted except in 
Dog 867 as described above. The electrocardiograms were normal. At 
autopsy, no gross cardiac abnormalities were found. 

Diaphragms . — ^Precpient fluoroscopic and roentgenologic examinations 
were made in order to note intrathoraeic changes and recovery of dia- 
phragmatic function. The diaphragms were elevated and immobile or 
the motion paradoxical in eases of unilateral paralysis. Fluoroscopic 
and x-ray studies of the diaphragms showed the following: (1) In 
permanent paralysis the diaphragm was usually elevated to the eighth 
interspace. (2) In temporarj- paralysis, after recovery of function, 
the elevation was usually at the ninth rib. (3) Where no paralysis was 
produced the diaphragm was usually located at the tenth rib. In general 
the elevation varied directly with the degree of reduction of lung func- 
tion. When temporarily paralyzed diaphragmatic function returnea 
in two to three months. Normal respiration in the dog is largely ab- 
dominal hi tj-pe. As paralysis was carried out thoracic breathmg was 
more noticeable. When both phrenics were interrupted breathing seemed 
changed completely, the dog appeared dyspneic, respiration labored and 
diminished. These dogs did not pant nor were they cyanotic even when 
exercising. The nutritional state remained good throughout the ex- 
perimental period with tivo exceptions (Dogs 30 and 612). In manj' 
instances the animals gained weight. An open empyema Avas present in 
Dog 637, but this did not affect the dog's iveight. 

On physical examination there was dullness to percussion over the 
atelectatic lobes. Where the lung function was reduced to one lobe 
(15 per cent) the heart Avas usually palpable immediately beneath the 
chest Avail on the opposite side. This finding Avas verified on fluoroscopy 
and at autopsy. The remainder of the chest Avas usually hjTier-resonant. 

Fluoroscopy revealed a decreased density of the overdistended lung 
and the deviation of the mediastinum A\nth its contents, especially in one°- 
lobe dogs, the superior portion often reaching the opposite chest Avail. In 
several cases the rtght heart seemed slightly dilated. 
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LATE EEPECTS 

Respirator]] Reserve. — WJiile at I’est lliere were no manifestations of 
diminished respiratory reserve. Dogs 621 and 30, after having perma- 
nent paralysis of the diapliragms and reduction of lung function to 15 
per cent (one lobe), had an apparent increase in respiratory effort. An 
intere.sting observation was their inabilitj’’ to pant. They were never 
found to 1)0 cyanotic. 

T.\bi,e V 


UKsriiiATOitv Rkskiive at Re.st .vs Determined by Reduction of 
ATMosrimnc Pressure 


STAXI>AR1> 
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110.7 

Normal (0 lobe.s) 
100% 

1 

B 

10 

10 

10 

8 

11 

30,100 

221.6 

3 lobes 

3S% 

017 

093 

3 

037 

S71 

32,000 

32.000 

25.000 

31.000 

30.000 

0 

7 

7 

9 

9 

30,000 

225.6 

2 lobes 

23% 

030 

809 

27.500 

21.500 

1 

0 

26,000 

269.8 

1 lobe 

15% 

035 1 
021 
095 1 

1119 

5 

0 

10 

25,833 

272.0 


•Failed to recover. 

tPid not become unconscious. 


While at rest the dogs were put into an evacuation chamber and sub- 
jected to rapid diminution of the atmospheric pressure. The results 
of these tests are presented in Table V. The reduction in atniosphei'ic 
pressure is indicated in mm. of Hg and the corresponding altitude 
levels.® No appreciable increase in respiratory effort was noted in dogs 
which had a marked reduction of functioning lung. In general they were 
able to tolerate almost as much decrease in atmospheric pressure as 
were normal control dogs. 

The dogs tolerated moderate exercise very well. Dogs which ran 
about much or were excited did not become cyanotic. Dog S69, referred 
to in Table II, Group IV, was quite dyspneie on exercise. He was able 
to tolerate a pressure of only 2SS.2 mm. of Hg (24,500 feet) in the 

evacuation chamber. 

Pnetimothorax.— Partial obliteration of tlie surgical pneumothorax 
ediately after the operation eliminated early respiratory embarrass- 
nd contributed much toward lowering the operative mortality, 
ment an i-esidual air was removed, but in no dog was 

It is not liKeiy 
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In general, x-rajb agiced Huoiobcopic findings. Iodized oil 

injections were made to outline the trachcobioneliial tree in its altered 
status. (Figs. 2 and 3.) 



Fig 4 — ^Dog 687 Autopo> specimen showing reduction of function to right upper 
lobe (15 per cent of normal) showing marked overdistention with herniation into the 
left chest 

In all two- or three-lobe dogs the mediastinal structures remained in 
the midline, nhereas, in one-lobe dogs the heart was alwajs deviated to 
the opposite side There was some rotation of the air passages as 
demonstrated by the bronchograms. 
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A. 


B. 


Fiff 2 — Cos Sfi" befoie (A) and after (B) introduction of iodized oil. The luns 
function had been reduced by bilateral opeiation to the two upper lobes (30 per cent 
of normal). 



A. B 

riniT f! >1 Broncbograiiis A, After reduction of function to three lobes 
FiS ■> ,„e nnimal) by bilateral operation. IS, after further reduction of function 

(38.7 pef or normal) bj bronchia! stenosis Bilateral 
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"Wliei’e only one lobe remained there was herniation of tlie lung into 
the opposite pleural cavity (Fig. 4). Thus was accompanied by devia- 
tion of the heart. There was no demonstrable evidence of hypertrophy 
or dilatation of the cardiac cliambers. Tlie diapliragms were definitely 
elevated in cases of paralysis. 

The lung had a spongj’ appearance and the alveoli were visible grossly. 
In several cases a bullous emphysema was seen. 

On cut section the lung showed a gross dilatation of the entire 
bronchial tree. 





KifT b .1 and B , — Dog 917. Bllatoial tcini)Oitiiy piii.ilj.slw of diuidiiagin. ^Itciosoupic uiuioiuaiice of iioraloU 
lung thiee niontlis after leductlou of lung fvmcUon to thioe lobe.s (36.7 per cent). Note dilatatlorj of terminal 
leapiiatory units and simllaiity to Dog 3 in Fig, f,. (X7 and X-O.) 
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PATHOLOGY 

Grosa . — Tlio remaining iiiHated lung: was usually found adherent to 
the healed lines of incision. As a rule there was no fluid in the pleural 
space althougdi a few cubic centimeters were found in some dogs. The 
lungs routinely showed overdistention, the e.xtent dependent upon two 
factors: paralysis of the diaphragm and the degree of reduction of 
functioning lung tissue. This was most extreme in one-lobe dogs and in 
those instances where the diaphragms were temporarily paralyzed. 
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respiratovv pores of the alveolar ■walls were larger, sonicwliat distorted 
and more numerous than normal. The clastic and fibrous tissue elements 
although often somewhat stretched were not found to be disrupted. 

The two-lobe group showed similar pathologic changes witii possibly 
slightly more distention of the individual alveoli, with more marked 
distention of some of the alveolar duets and sacs. 

The one-lobe dogs showed more severe changes, apparently most 
severe in animals with permanent paralysis of tlie diaphragm. There 
was dilatation of the respiratory bronchioles, alveolar duets and sacs witli 
a breakdown of the alveolar walls under the pleura. The alveolar walls 
in some areas were thinned into long avascular strands forming large 
fibrous vesicles (Fig. 7 *4 and B). The breakdown was not primarily 
in the alveoli located immediately beueatii the pleura but in the terminal 
respiratory units, i.e., the alveolar ducts and sacs. IMany counts of the 
alveoli per microscopic field reveal considerable variation among dogs 
of a group. Averaging all groups one finds the total alveoli per field 
reduced to approximately one-half the normal. 

We are of the opinion that this marked dilatation of the terminal 
air passages does not represent true emphysema as some authors believe, 
since the capillary, elastic, and connective tissue fibers are intact. 

The walls of the alveolar duet between the alveolar sacs and alveoli 
are made up of muscle cells, elastic and collagenous fibers.® In their 
sections these appear as short knobs or clubs running parallel to the long 
axis of the duet. These have been described erroneously as pathologic 
“clubbings.”* 

CLIXIC.\L APPUC.VTIOX 


Within the last decade marked improvement has been effected in the 
management of intrathoracic operations. This has been especially 
noticeable in the resection of lung tissue for neoplastic and inflammatory 
diseases. Whereas lobectomy for bronchiectasis was once fi-aught with 
grave danger, now it is accomplished with relatively little risk. Total 
pneimioneetomy, unsuccessful prior to Graham ’s“ fii-st case in 1933, 
although an operation less safe than lobectomy, is being successfully 
performed in increasing numbers. 

Verj- frequently, however, the distribution of the lesion in bron- 
chiectasis, includes more than one lobe on one or both sides of the chest. 
The problem confronting the surgeon has been not only whether the gen- 
eral condition of the patient warranted operation, but how much lung 
tissue could be safely resected and which side should be resected first. 
Another disputed point concerns the resultant pleural space. Should 
the diaphragm be paralyzed temporarily or permanently, if at all, in 
order to obliterate better the space formerl 3 ^ occupied by the resected 
lung ti ssue? Also what effect if am- would diaphragmatic paralysis 


•We wish to express our appreciation to Dr Clavton G Tnn^u fnr two • 

and instruction concerning the microscopic chan&e^ of the lung& criticism 
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SURGEBY 


JIICROSCORIC PATHOLOGY 

111 {•encral, all .sections I'cvealccl a dilatation of the air passages. This 
varied from sliglit degrees in tlie larger bronchi to a more extreme degree 
ill the teiTiiinal respiratoiy broiicliioles, alveolar duets and sacs. This 
dilatation was evident in three-lobe dog.s, but we could find little to dif- 
ferentiate animals having permanent paralysis of the diaphragm (Fig. 5 
and B) from those having the temporary t 3 'pe (Pig. 6 A and B). 
Some sections showed diminution in the number of capillaries. The 
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respiratoiy reserve remained following further recluctiou to 15 per cent 
so that the animals were able to tolerate moderate exercise and reduction 
of atmospheric pressure to almost the limit of normal dogs (25 to 30,000 
feet). 

2. Bilateral temporary or permanent paralysis of the diaphragm 
was well tolerated whether the lung function was one lobe or three 
lobes. Compensatory alterations of the lung from overdistention were 
of about the same degree in temporary or permanent paralysis but 
different in distribution. In permanent paralysis these changes were 
more peripheral and there was more tendency to bullae formation. In 
the temporary type the alterations were more evenly distributed. 

3. In the absence of complications following the above procedures, 
the animals remained in a healthy state for the duration of the experi- 
ments; that is, six to twelve months. 

4. Prom the above findings it would appear tiiat temporary paralysis 
of the diaphragm is a justifiable procedure in the human being. In 
bilateral operations it seems advisable that sufficient time elapse between 
stages for re-establishment of the diaphragmatic function and improve- 
ment of the patient’s general health. 
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exert on the eompmsntovy changes developing as a result of overdis- 
tentiou of the rennuning functioning lung? Another much debated 
question is wljotljer a thoracoplasty should accompany or follow total 
pneumonectomy, Tliis latter also applies to the immediate postoperative 
course as well as to the effect on the resultant alteration in eardio- 
lespiratory function duo to overdistention and resultant compensatory 
alteration of fise remaining functioning lung. 

Jieseclioii of Limy Tissue. — The above-described experiments demon- 
strate that a lai'ge part of the lung’ may be x’emoved with safety, without 
materially influencing tlie cardiorespiratory function. When tested by 
exercise or by reduced atmospheric pressure, the respiratory reserve 
of dogs with three lung lobes (38,7 per cent) remaining, compared 
favorably witii that of normal animals, while the reserve of one-lobe 
dogs (15 per cent) was only slightly lowered. 

The interval between operations and espeeialhv the general condition 
at the time of the operation were of definite significance. Suffice it to 
say that sufficient time should elapse between stages to insure adequate 
return of general resistance with little evidence of toxic manifestation 
remaining. TJiis period may vaiy from six weeks to six montlis. 

Another factor of importance was the amount of lung resected at each 
operation. The above results would indicate that the side of greatest 
involvement should be resected first, lesser amounts of lung tissue being 
removed at the second operation. 

Diaphragmatic Paralysis. — Obliteration of the residual pleural space 
following lobectomy or bilobectomy may be more easily accomplished 
by paralj’zing the diaphragm. When obliteration is complete and main- 
tained within twenty-four hoxxrs after operation, primary healing is en- 
coui'aged and the convalescence made smoothei’. A temporary type of 
paralysis is the more advisable since it has all the advantages of the 
permanent type immediately after operation and function may be 
expected to return witliin tAvo months or by the time the second operation 
is made. The temporary type is also desirable from the standpoint of 
compensatory overinflation of the remaining lung. This change is thus 
more evenly distributed and not as exaggerated at the periphery of the 
lung. IiA this regard, hoAvever, compensator-y overdistention appeared 
not to influence greatly the function of the lung tissue since one-lung 
(15 per cent functioning) dogs Avith or Avithout bilateral diaphragmatic 
paralysis exhibited no dyspnea or cyanosis Avhile at rest and tolerated 
reduction of atmospheric pressure equally Avell and almost Avithin normal 
limits. On exercise they Avere mildly dyspneic. 

SUMMARY 

Bilateral resection of as much as 62 per cent of the total lung 
• 'r'tl in a period of three Aveeks Awas aa'cII tolerated in normal dog.s, 
tissue AVI 1 occurred after the first operation. Sufficient 
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respiratory reserve remained following further reduction to 15 per cent 
so that the animals were able to tolerate moderate exercise and reduction 
of atmospheric pressure to almost the limit of normal dogs (25 to 30,000 
feet) . 

2. Bilateral temporary or permanent paralysis of the diaphragm 
was well tolerated whether the lung function was one lobe or three 
lobes. Compensatory alterations of the lung from overdistention were 
of about the same degree in temporary or permanent paralysis but 
different in distribution. In permanent paralysis these changes were 
more peripheral and there was more tendency to bullae formation. In 
the temporary type the alterations were more evenly distributed. 

3. In the absence of complications following the above procedures, 
the animals remained in a healtln* state for the duration of the experi- 
ments; that is, six to twelve months. 

4. From the above findings it would appear that temporary paralysis 
of the diaphragm is a justifiable procedure in the human being. In 
bilateral operations it seems advisable that suffieient tune elapse between 
stages for re-establishment of the diaphragmatic function and improve- 
ment of the patient’s general health. 
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TUB EBBBCT OB REPLAOEiAIENT TIIEEAPY IN 
EXPERIMENTAL SHOCK 
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TT HAS been laiown for jiiany .years tJiat a I’ediietioD of the effective 
blood volume is an essential featiu’e of shock regardless of cause. 
Recently considerable attention has been directed to the pathologic 
changes which occur in the tissues in shock. These consist principally 
of marked diffuse congestion of capillaries and venules in visceral areas, 
e.speelall.v the lungs, liver, kidneys, and gastrointestinal tract. The rela- 
tion of these pathologic changes to the reduced blood volume and the 
significance of this relationship in the treatment of experimental shock 
due to severe thermal trauma constitute the subject of this paper. 

In a previous study* the contention of Blalock- that the principal 
reduction of the blood volume in early traumatic shock is due to a loss 
of fluid at the site of injiuy was confirmed. Anesthetized animals were 
subjected to severe thermal and mechanical trauma and the changes in 
the pulse, blood pressure, hematocrit, plasma and total blood volumes 
recorded. As shown in Fig. 1 immediately following such an injury 
there was a rapid reduction of the blood volume. AVithin three hours 
there was marked hemoeoneentration and the plasma volume was re- 
duced to approximately two-thirds of its original total. The blood 
pressure after an initial fall rose to above so-called shock levels and was 
well sustained until late in the experimental period. A falling blood 
pressure usually was indicative of impending collapse and death. 
Pathologic examination of animals sacrificed in the early stages of 
shock disclosed no evidence of loss of fluid into tissues other than at the 
site of injury. There were no significant pathologic changes in the 
viscera. However, when animals were allowed to die in shock or when 
the experiments were terminated in the late stages after the blood 
pressure had fallen, pathologic examination disclosed congestion and 
dilatation of capillaries, capillary hemorrhages, edema and in some 
instances, particular!}" in the liver, degenerative changes in parench.v- 
inatous tissues. It was concluded that under the conditions of these 
experiments the principal reduction of the blood volume was due (o a 
loss of fluid at the site of injury and that the pathologic changes in the 
viscera were a secondary rather than a primary phenomenon. 

The present study was designed to correlate the physiologic effects 
f fluid replacement with the pathologic changes in shock. Are these 
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TT HAS I)een kjiowii for many yeai'.s tliat a reduction of the effective 
blood vohnne is an essential feature of shock regardless of caii.se. 
Recently considerable attention has been directed to the pathologic 
changes which oeenr in the tissues in shock. These consist principally 
of marked diffuse congestion of capillaries and venules in visceral ai'cas, 
especially the lung.s, liver, kidneys, and gastrointestinal tract. The rela- 
tion of these pathologic changes to the reduced blood volume and the 
significance of this relationship in the treatment of experimental shock 
due to severe thermal trauma constitute the subject of this paper. 

In a previous study' the contention of Blalock- that the principal 
reduction of the blood volume in eai’ly traumatic shock is due to a loss 
of fluid at the site of injury was confirmed. Anesthetized animals were 
subjected to severe thermal and mechanical trauma and the changes in 
the pulse, blood pressure, hematocrit, plasma and total blood volumes 
recorded. As shown in Fig. 1 immediately following such an injury 
there was a rajnd reduction of the blood volume. Within three hours 
there was marked hemoeoncentration and the plasma volume was re- 
duced to approximately two-thirds of its original total. The blood 
pressure after an initial fall rose to above so-called shock levels and was 
well sustained until late in the experimental period. A falling blood 
pressure usxially was indicative of impending collapse and death. 
Pathologic examination of animals sacrificed in the early stages of 
shock disclosed no evidence of loss of fluid into tissues other than at the 
site of injury. There were no significant pathologic changes in the 
viscera. However, when animals were allowed to die in shock ov when 
the experiments were terminated in the late stages after the blood 
pressure had fallen, pathologic examination disclosed congestion and 
dilatation of capillaries, eapillaj-y hemoiThages. edema and in some 
instances, particularly in the liver, degenerative changes iii parenchy- 
matous tissues. It was concluded that under the conditions of these 
experiments the principal reduction of the blood volume was due to a 
loss of fluid at the site of injuiy and that the pathologic changes in the 
'iscera were a secondaiw rather than a primary phenomenon. 

'^Tli' present study was designed to correlate the physiologic effects 
replacement with the pathologic ehange.s in shock. Arc tiiesc 
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TT HAS been known for many years tliat a reduction of the eft'ective 
* btood volume is an essential feature of shock regardless of cause, 
lieeently considerable attention has been directed to the pathologic 
changes which occur in the tissues in shock. These consist principally 
of marked diffuse congestion of capillaries and venules in visceral areas, 
especially the lungs, liver, kidneys, and gastrointestinal tract. The rela- 
tion of these pathologic changes to the reduced blood volume and the 
significance of this relationship in the treatment of experimental shock 
due to severe thermal trauma constitute the subject of this paper. 

In a previous study' tlie contention of Blaiock- tiiat the principal 
reduction of the blood volume in earlj* traumatic shock is due to a loss 
of fluid at the site of injuiu' was confirmed. Anestlietized animals were 
subjected to severe thermal and meehanicai traiuna and the changes in 
the pulse, blood pressure, hematocrit, plasma and total blood volumes 
recorded. As shown in Fig. 1 immediately following such an iu-ivn-y 
there ivas a i-apid reduction of the blood volume. "Within three hours 
there was marked hemoooiieentration and the plasma volume was re- 
duced to approximately two-thirds of its original total. Tlie blood 
pressure after an initial fail rose to above so-called sJiock levels and Avas 
well sustained until late in the e.\'i)orimental ]Aeriod. A falling blood 
pressure usually Avas indicatiA'e of impending collapse and death. 
Pathologic examination of animals sacrificed in the earlj' stages of 
shock disclosed no eAudence of loss of fluid ijito tissues other than at the 
site of injury. There AA'ere no sigjiificant pathologic changes in the 


viscera. However, Avhen animals Avere alloAved to die in shock or Avhen 
the experiments AVere terminated in the late stages after the blood 
pressure had fallen, patliologie exajiiination disclosed congestion and 
dilatation of capillaries, capillary Jiemorrliages, edema and in some 
instances, particularly in the liver, degeiieratiA’c changes in parenchy- 
matous tissues. It Avas conolnded that under the conditions of these 
exneriments the principal reduction of the blood volume Avas due to a 
loss of fluid at the site of injuiy and that the pathologic chaitges in the 
° era Avere a secondary rather than a primary phenomenon. 

''"^Tl present study Avas designed to eon-elate tlie physiologic effects 
of fluid ^-eplacement Avith the pathologic changes in shock. Are the.se 
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DUXI’HY -VXD GIBSON, 2XD : 

tissue changes a consequence of the reduced blood volume or are they 
due to some factor, such as a toxin absorbed from the site of injury 
which produces generalized capillary injury irrespective of the level 
of the blood volume ? If the pathologic changes are a consequence of 
the lowered blood volume, it should be possible to prevent them by re- 
storing the blood volume to normal. This has been attempted both in 
the early and late stages of experimental shock due to thermal trauma. 

The experimental procedure and methods used were the same as has 
been described in detail previously.' Large mongrel dogs were used in 
all the experiments. Shock was induced by thermal trauma. Determina- 
tions of the pulse, blood pressure, hematocrit, plasma volume, hemo- 
globin, and serum proteins were made before and at varying intervals 
after the injury. The experiments were divided into three groups. In 



one the effects of treatment in late shock were observed. In another 
the response and end results of a single infusion of plasma or saline 
solution in early shock were detennined and finally, the effects of con- 
tinuous infusions of plasma were studied. The results are tabulated in 
Table I. Individual experiments representative of each group are shown 
in the accompanjing graphs. 

TREATMENT IN L.ATE SHOCK 

The ineffieaey of treatment in late shock is well known. It has been 
thought that at this stage fluid leaked out of the vascular system tlunugh 
damaged capillaries so rapidly that the blood volume could not be re- 
stored to normal. That this is not the case is shown in Experiments 1, 
2, and 3 (Table I). In these experunents therapy was instituted after 
the blood pressure had fallen, indicating an advanced degi-ee of shock. 
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tissue changes a consequence of the reduced blood volume or are they 
due to some factor, such as a toxin absorbed from the site of injury 
which produces generalized capillary injury irrespective of the level 
of the blood volume? If the pathologic changes are a consequence of 
the loivered blood volume, it should bo possible to prevent them by re- 
storing the blood volume to normal. This has been attempted both in 
the early and late stages of experimental shock due to thermal trauma. 

The experimental procedure and methods used were tlie same a.s has 
been described in detail previously.* Large mongrel clogs were used in 
all the experiments. Shock was induced by thermal trauma. Determina- 
tions of the pulse, blood pressure, hematocrit, plasma volume, hemo- 
globin, and serum proteins were made before and at varying intervals 
after the injury. The experiments were divided into three grouixs. In 



one the effects of treatment in late shock were observed. In another 
the response and end results of a shigle infusion of pla.sma or saline 
solution in early shock were determined and finally, the effects of con- 
tinuous infusions of plasma were studied. The results are tabulated in 
Table I. Individual experiments representative of each group are shomi 
in the accompanying graphs. 

TREATWEXT IX LATE SHOCK 

The ineffieacy of treatment in late shock is weU known. It has been 
thought that at this stage fluid leaked out of the vascular s.vstem throusli 
damaged capillaries so rapidly that the blood vohune could not be re- 
stored to normal. That this is not the ease is shown in Experiments 1, 
2, and 3 (Table 1). In these experiments therap.v was instituted after 
the blood pressure had fallen, indicating an advanced degi-ee of shock. 
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THE EFI'^ECT OF EEPLACEJIENT THERAPY IN 
EXPERIMENTAL SHOCK 


J. ExoLKiiKUT Duxpiiy, :M.H., axd John G. Gibsox, 2xd, M.D. 

Bostox, a I ass. 

(trom the Lahoralon/ of Surgical Jlesenrch, Harvard Medical School, n«(? the 
Surgical and Medical Services of the Peter Bent Brigham Hospital) 


TT HAS been laiown for many years t]iat a reduction of tlie effective 
blood volume is an essential feature of shock regardless of cause. 
Recently considerable attention has been directed to the pathologic 
changes wliich occur in the tissues in shock. These consist principally 
of mai'ked diffuse congestion of capillaries and venules in visceral areas, 
especially the lungs, liver, kidneys, and gasti'ointestinal tract. The rela- 
tion of these pathologic changes to the reduced blood volume and the 
sig2iifica2ice of this relationship in the t2’eat2ne2it of e.vperimental shock 
due to severe thermal ti'auma constitute the sub.ject of this papei’. 

In a iDrevious study' the eo2itention of Blaloek= that the principal 
reductio2i of the blood volu2ne i2i eaidy ti'aumatic shock is due to a loss 
of fluid at the site of injury vas contirmed. Anesthetized animals were 
subjected to severe thermal a2id 2neeha22ical trauma and the changes in 
the pulse, blood pressure, he2natocrit, plasma a2id total blood volumes 
recorded. As shown in Pig. 1 immediatel.v following such an injury 
there was a rapid reduction of the blood voliune. ‘Within three hours 
there was marked hemoeo2iee2iti‘atio2i a2id the plasina volume was re- 
duced to approximately two-thirds of its original total. The blood 
pressure after an initial fall rose to aboi-e so-called shock levels and was 
well sustained u2itil late i2i the expe2’ime2ital period. A falli2ig blood 
pressure usuall.v was indicative of impe2iding collapse and death. 
Pathologic examinatio2i of animals sacrificed in the ea2dy stages of 
shock disclosed no evide2ice of loss of fluid ii2to tissues other tha2i at the 
site of injury. Thei’e were no sig2iificant pathologic changes in the 
viscera. However, when animals wei-e allowed to die in shock or when 
the expe2'iments we2’e te2TOinated in the late stages after the blood 
pressure had fallen, pathologic examination disclosed congestion a2id 
dilatation of capillaries, capillaiw liemoiThages, edema and in some 
histances, particiila2-l.v i22 the live2-, dege22e2'ative changes i22 pa2-enchy- 
matOHS tissues. It was concluded that under the conditions of these 
experiments the principal reduction of the blood volume was due to a 
loss of fluid at the site of injuiy and that the pathologic changes in the 
'iscera were a secondary rather than a primary phenomenon. 

'^Tle prese2it study was designed to correlate the physiologic effects 
of fluid replacement with the patliologic changes in shock. A 2 -c these 
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The response to a transfusion of Avhole blood is shown in Pig. 2. Al- 
though there was a considerable rise in the blood volume the blood 
pressure continued to fall and exitus occurred with the blood volume at 
a nearl}^ normal level. Note that there was no improvement in llic 
hemoconcentration. A somewhat similar response occurred when plasma 
was used (Pig. 3). Here, however, tliere was a temporary rise in the 
blood pressure and considerable improvement of the hemoconcentra- 
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tion. However, death occurred when the plasma volume was normal. 
Post-mortem examination in Expeiuments 1, 2, and 3 revealed the usual 
gross and microscopic changes of late shock. These have been described 
in detail elsewhere' and will not he elaborated on hei'e. Suffice it to 
say that no alteration of the usual tissue changes which follow prolonged 
anoxia could be demonstrated. It is concluded that therapy instituted 
in the very late stages of shock has no demonstrable effect on the patho- 
logic changes in the tissues and even though it restores the blood volume 
to normal the course of the shock is not greatly altered. Under these 
circumstances death may occur with a normal plasma volume (Experi- 
ment 3) . This suggests that once vvell established the pathologic clianges 
in the tissues are irreversible and therapy, to be effective, must be 
instituted before such generalized tissue injury occui-s. 



Fig. 4. — The effect of an infusion of saline and bicarbonate solution in experimental 

shock. 

ix early shock 

In Experiments 4, 5, 6, and 7 therapy was started shortly after the 
plasma volume had fallen. An amount of fluid calculated to restore 
the volume to normal was given. The comparative efficacy in this re- 
spect of a noncolloidal solution and plasma is shown in Pigs. 4 and 5. 
When saline solution was given, there was a marked improvement in 
the hemoeoncentration and a rise in tlie plasma volume. However, this 
was accompanied by such a dilution of the blood that the concentration 
of seium pioteins fell to edema levels. The danger of using saline solu- 
tions in shock has been emphasized before. Beard and Blalock'- “ ob- 
sei-ved that animals which received saline infusions often seemed worse 
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after the infusion was stopped than if no therapy had been given. This 
was confirmed in the present study. Jloreover, it was found that tlte 
pathologic changes in the tissues, particularly edema, seemed more 
striking following saline infusion than when no therapy was given 
(Experiments 4 and 5). 

The superiority of plasma as a replacement fluid in shock has been 
demonstrated by a number of investigators.®'* Considerable emphasis 
has been placed on the idea that there is no dilution of the serum 
teins, that the osmotic pressure of the blood is not lowered, and tl\al, 
therefore, the improvement following its nse is more permanent than 
when saline or dextrose solutions are given. It should be emphasized 



Fig 5. — The effect of un Infusion of vlnsma In experlrrif nt.il shock 


li)al altiiongh tiie hencficiai cfl'ects of plasma arc considerahlc, the diini- 
tion of the improvement followiiitr its use in severe tlicimal trauma was 
of .sliorl duration (Uxiicriments 6 and 7) (Fig. a). "With the imjjortant 
exception (hat there was no dilution of tlie jflasina ju’oteitis, the afi'ect 
on the Mood volume of a single infusiim of jflasma in severe shock vas 
little dift’erent than when .s-aline solution uas tised. This does not mean 
that plasnm is not greatly .suj)erior to saline solution, hut it servc.s to 
emphasize that repeated infusions of pbisina are often ncfessary. Mote- 
over. Oti patiiolocie e.xaniination tin-re vas no striking ehange in the ap- 
pcaraiiees of tlie tissues in animals wIuVli reeei\ed only a single infusion 


of pla-sma. . . 

In the final irroiii> M experiments’-'’ ’ tlowapy uas uisdtiit.d farh 
.„ul maintained throUirhonl the exp/ rim. ntal [o riod in Fn:. C. is 
shown th.- response to a 100 e.e. infusion of J.lasm.i folio-, -..,1 by a .Viu 

. infusion of saline solution. F.v. hours aft. r tfn uumyth.r. v,„s no 
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hemoconcentration and both the plasma and total blood volumes were 
normal. The concentration of serum proteins was normal. However, im- 
mediately after the infusion of saline solution there was a fall in the 
hematocrit to subnormal levels and a dilution of the serum proteins. 
Two hours later the plasma volume was considerably reduced. At 
post mortem pathologic changes in the viscera were found, but 
these were less marked than are usually found in experiments of this 
duration. There was considerable edema of the lungs, but the gastro- 
intestinal tract showed but little variation from the normal. The loss 
of protein in this experiment merits comment. Tlie infusion of plasma 
at the rate of 100 c.c. an hour sufficed to maintain the total protein of 



the body at normal levels for four hours. Despite this amount of re- 
placement, immediately after saline solution was used there was a fall 
in the total amount of protein as well as a considerable reduction of the 
concentration of proteins. This, again, serves to demonstrate the 
dangers of saline solution in shock of this tj-pe even when it is used as 
an adjunct to plasma. 

The effects of continuous infusions of plasma were studied in Experi- 
ments 9 and 10. In one of these (Fig. 7) an infusion of 950 c.e. of 
plasma (protein content 2.5 Gm. per cent) was given over a period of 
seien and one-half hours. This was sufficient to maintain the plasma 
volume at nearly normal levels throughout the experiment, but there 
was a progressive dilution of the plasma proteins indicating that the re- 
placement was not quite adequate. In Experiment 10, 700 c.c. of plasma 
(protein content 5.5 per cent) was given over a period of eight hours 


Plosmo Protein (n Qnf's % 
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Not only Avas this sufficient to maintain the level of the plasma pro 
tein but actually it brought about an increase in the plasma volume 
(Table I). It ■would appear that to a certain extent the earlier and 
more adequate the replacement therap.v, the less fluid is requiied and 
the less extensive is the protein loss. If treatment is delayed until the 
blood volume has fallen, generalized capillary damage occurs and the 
possible areas from which fluid may escape are greatly increased 
Moreover, if the protein comjjosition of the replacement fluid is greatly 
lower than that of plasma, this fluid may escape from the blood sticam 
with a higher protein content than when it entered, theieby increasing 
the rate of protein loss."*’ ® 



pip 7 — Tjio effect of «a continuous Infu'^Ion of pltsni i in experiment'll '^liorK 


Pathologic examination in Experiments 9 and 10 disclosed \ery 
marked amelioration of the usual late tissue changes (iiossI_\ tiioie 
%\ns no ohsious sariation fioin the normal excej)! for sliglit atelectasis 
and conuc.stion of the dependent poitions of the hmer IoIks of iiotli 
lungs and modeiate congestion of the kidnejs Tiie entiie gastro- 
intestinal tiaet. li^el•, iiancieas, and adrenals appealed noimal On 
microscopic examination tlierc ^^as minimal tvidime of e.ipillaix dilata- 
tion in the lungs, kidiiexs. ;iiid adiennis Tln-i ihaiims Irm 
described before as neemmm' <x<n in the <arlv stam-- of sho'-h. iind< r 
the condition of tlH-i < \j<erimi nfs and j.robif.h are dii» f<. the ii^- ol 
sodium pentobarbital a. tb. an.sth.lie. irov.x.r, tlu n.u d rn..rl-d 
tksue ebanms of mham-d si,.,ek uii. no- pn..ni_ 'it- }n>r s-r.n.d 
Ilf the sinusnrh or ibu'< n- latn- (.’niiv* in t! . >ord 
110 eoiuristi ^ thirt vi--' • ..!h . unn . f...!- ui'.'-ph-iroi' h 

cell-. ' 
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leucocytes scattered tlirougli the sinusoids. No evidence of edema, 
congestion, or capillary injury was found in the gastrointestinal tract 
on microscopic examination. Thus, although it cannot he said that 
following adequate replacement therapy there is no e\'idence of gen- 
eralized capillary injury, there is such a striking amelioration of the 
usual pathologic changes as to lead us to helieve that these are prin- 
cipally the result of anoxia, secondaiy to the reduction of the blood 
volume and hence are largely preventable by early and adequate 
therapy. 

The amount of protein necessaiy to maintain an adequate level in 
severe shock requires further comment. As shown in Figs. 6 and 7, the 
total loss of protein in eight to nine hours of severe shock may amount 
to as much as 35 Gm. If given as plasma in a concentration of 5 Gm. 
per cent, it would take roughly 80 c.c. of plasma per hour to maintain 
a normal level, assuming that treatment was started shortly after in- 
juiy. However, as shomr in Fig. 1, the principal reduction of the 
plasma volume occurs within the hi-st few hours of injury so that if 
treatment were delayed even for two or three hours, the rate of replace- 
ment would necessarily have to be higher to make up the deficit. In 
the experimental animal with a blood volume of 2.5 liters approximately 
75 to 100 c.c. of plasma per hour would seem necessary (Experiments 8, 
9, and 10). If we transpose this estimate to the clinic, it means that a 
severely burned patient weighing 70 kg. would require between 100 to 
200 c.c. of plasma per hour for the first ten hours after injury. Al- 
though this figure is consideralfiy in excess of the amounts usually used, 
in a recent clinical study Elman'' suggested that as much as 1,400 c.c. 
may be required. It seems likely that the sudden, unexplained collapse 
of patients in the early stages of severe burns may be due to this 
enormous reduction of the plasma volume. 

How long therapy must be maintained has not been determined in 
this study. It is hardly practical to do so in the laboratory because 
of the complicating factor of prolonged anesthesia. On the basis of a 
recent clinical study'® it has been suggested that plasma loss may con- 
tinue for as long as forty hours. 

STIMJI.VKY 

Under the conditions of these experiments, replacement therapy in- 
stituted in the late stages of experimental shock has no effect on the 
pathologic changes in the tissues even though it restores the blood vol- 
ume to noi-mal. In early shock a single infusion of saline solution, in 
amount calculated to raise the blood volume to normal, not only is of 
temporary benefit hut causes such a dilution of the plasma proteins that 
the late tissue changes of shock are accentuated. Under the same circum- 
stances the beneficial effects of a single infusion of plasma are also of 
only short duration and bring about no alteration of the pathologic 



118 


SURGERY 


changes. By a continuous infusion of plasma, begun early in the ex- 
perimental period, the blood volume may be maintained at normal levels 
and under such circumstances there is a marked amelioration of the late 
tissue changes in shock. The amounts of plasma necessary to do this 
are considerably in excess of those generally used in the treatment of 
burns in patients. 
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REACTIONS TO LOCAL ANESTHETIC AGENTS 
I. Expermental Studies AVith Procaine 
Harris B. Shusiacker, Jr., 5I.D., Baltimore, Md. 

(From the Surgical Unnterian Laboratory, the Johns Hopkins University 
School of Medicine) 

A lthough local anesthesia has proved through long use to be a 
■ veiy valuable aid in surgery, in many instances the anesthesia of 
choice and undoubtedly the safest of all methods of rendering surgery 
painless, alarming and even fatal reactions sometimes occur. Efforts 
have been made toward an undei-standing of these reactions, and sug- 
gestions relating to their prevention and treatment have been offered; 
and yet many problems remain unsolved. 

This communication reports some efforts to elucidate a few of these 
problems. I have been interested in tiwing to learn something con- 
cerning the cause of death, the difference between the "collapse” and 
the "respiratory failure-commlsive” types of reaction, the influence of 
the route of administration, the concentration of the injected solution, 
and the age of the subject upon the toxicity of procaine, the use of 
local anesthesia during general ether anesthesia, and possible prophylac- 
tic and therapeutic aids. 

3Iueh is known from experimental and clinical studies concerning 
the relative merits and inherent dangers of the various memliers of the 
group of eocainelike anesthetics, and it is generally agreed that procaine 
is the safest and most useful agent for local infiltration or nerve block- 
ing.’*® It is also known that although these drugs differ from one an- 
other in relative toxicity, the reactions they may evoke are essentially 
alike. For these reasons and because procaine is the most widely used of 
these agents, these experiments have been limited to a study of this one 
drug, 

MATERIALS AND METHODS 

Each day a fresh solution was prepared from U.S.P. procaine crystals 
and distilled water. A 10 per cent solution was used throughout except 
in the study dealing udth the effect of concentration, in -which 1 per cent 
and 0.5 per cent solutions were also used. The dosage of procaine was on 
a basis of body weight in kilograms. All intravenous injections were 
made as rapidly as possible. In the paravertebral injections the solu- 
tion was colored with a minute amount of gentian violet so that the 
accuracy of the injection could be determined at autopsy. The procaine 
to which the gentian violet had been added underwent a slight diminu- 
toxicity as determined by bio-assay with intravenous injections. 

University Surgeons at St Louis. Mo.. 
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A correction for tins was accordingly made. Normal healtliy guinea 
pigs and mongrel dogs were used. That group of guinea pigs wliicli 
are described as “young” were actively groiving animals varying in 
weight from 300 to 450 Gm. (average 3S9 Gm.) ; those described as 
“old” were one year older than the first group and varied in weight from 
500 to 640 Gm. (average 575 6m.). 


Mean aiterial blood pressure was measured b 3 ' a kvmographic record- 
ing mercurj'' manometer connected witli a cannula in the common carotid 
arterj’’, a small bulb near tlie cannula filled ivith citrate solution being 
used to iirevent clotting. Oxj’’gen consumption as ivell as respiratorj' 
rate and minute volume were measured by means of a Sanborn niotor- 
grafic metabolism tester attached to a tracheal cannula. Blood samples 
were collected from tlie carotid artery and placed in flasks containing 
dried potassium and ammonium oxalate.'*' Tliis method prevents clotting 
without causing shrinkage of the eiythrocytes. Wintrobe hematocrit 
tubes were used; jiroteins were estimated b.v the falling drop method 
with the La Motte densimeter; plasma volume was determined with tlie 
photoelectric mieroeolorimetrie technique with the azo-blue dye 
T1824.“ At least three injections of d.ye wei’e made in each instance in 
order to determine accuratelj" the rate of disappearance of the d.ve. 
Blood procaine estimations, free and total, ivere made according to a 
modification of Bratton and Marshall’s' method for determination of 
sulfanilamide, which permitted accurate assaj' of 0.2 c.c. of blood. Con- 
centration was determined from photoelectric colorimetric readings, a 
standard curve having been established with procaine solutions of known 
strength. 


EXPERIMENTAL OBSERVATIONS AND COMMENTS 


When guinea pigs are given a lethal dose or more of procaine .sub- 
cutaneousl.v, intramusculai'l.v, or b.v any route where slow absorption 
presumablj' takes place, the sequence of events is ordinarily fairl.v uni- 
form. After an interval of some minutes the animal becomes “grogg.v,” 
and shortlj^ afterward falls over ivith diminution or loss of conscious- 
ness. Irritative central nervous sj'stem phenomena ensue, at first 
muscular twitchings and purposeless movements and rapidly thereafter 
o-eneralized convulsions. During this period respirations are ordinarily 
increased. After a time the convulsions become weaker and the heart 
stops and respirations cease. Genei-ally but not invariably the last 
respiratory gasp precedes by a moment or so ce.ssation of the heart 
beat Sometimes weak respirations continue momentarily after the heart 
beat is no longer perceptible. In general, one is impressed by the fact 
, t cardiac and re-spiratory failure occur almost simultaneousl.v. Oc- 
nallv on the approach of death a little froth is .seen at the nostrils. 
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If a fatal dose is given intravenonsly, the animal almost immediately 
falls over as if nneonscious, convulsions begin, respirations cease or are 
replaced by infrequent gasps, and the heart heat rapidly becomes im- 
perceptible. Heart beat and respirations often stop simultaneously. 
Frequently a weak respiration or two follow cessation of the heart beat 
as determined by palpation of the chest. Sometimes the reverse is true, 
and in every instance in whicli tlie thorax was opened immediately after 
cessation of respiration and loss of heart action as determined by palpa- 
tion, the heart was found to be beating weakly. Whenever death fol- 
lowed an intravenous procaine injection in an animal previously given 
nembutal or ether, respirations always ceased before the heart beat 
was no longer palpable. At autopsy, regardless of the route of ad- 
ministration of the procaine, no gross pathologic change was noted. 
The Inngs did not appear edematous. 

It was thought ad\'isable to follow graphically certain chairges in 
larger animals. The experiment was as follows; A dog was placed upon 
the operating table, and with 10 per cent phenol as a local anesthetic, 
the trachea and one common carotid artery were cannulated. Blood 
pressure was recorded continuously on a kymograph and pulse and 
respiratory rates were charted at intervals. Intermittent graphic records 
of respiratory rate and volume as well as oxygen consumption were made 
by attaching the tracheal cannula to the metabolism machine. Samples 
of blood were drawn at intervals for hematocrit, protein, and plasma 
volume estimations. After a suitable period of normal control ob- 
seiwations, procaine was administered. Several experiments are illus- 
trated in Pigs. 1, 2, and 3. 

In the experiment recorded in Pig. 1, 1,000 mg. of procaine per kilo- 
gram of body weight was given subcutaneously; in that recorded in 
Fig. 2, TOO mg. per kilogram was given subcutaneously at the beginning 
and the same dose toward the end of the experiment. During the con- 
trol period there were minor fluctuations in blood pressure, hematocrit, 
plasma proteins, and plasma volume, greater fluctuations in pulse, and 
still greater in respiratory rate and minute volume. These variations 
must be taken into consideration in analyzing the data obtained during 
the procaine reaction. In these experiments one is impressed by the 
relative constancy of hematocrit, plasma proteins, and plasma volume. 
No significant change is noted. It will be observed that the blood 
pressure tends to rise slightly or moderately after the procaine is ad- 
ministered and to be well maintained until the terminal period of col- 
lapse begins, when it drops precipitously to zero accompanied by a 
sudden cessation of heart beat and respirations. In general, the' re- 
spiratory rate tends to rise during the reaction, as does the minute 
respiratory volume, until near the end it suddenly becomes slow and 
respirations cease. No characteristic change in oxygen consumption is 
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Fig'. 1. — Chai't showing changes in hematoci'it. plasma proteins, plasma volume 
pulse, blood pressure, respirations, minute volume, and oxygen consumption in a dog 
during a fatal reaction from procaine injected subcutaneously. 
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noted ; the increases which occurred seemed related to convulsive move- 
ments and restlessness. It will be noted tliat in the first experiment 
heart beat and respirations ceased simultaneously and that in the sec- 
ond experiment a few weak respirations persisted for two minutes after 
pulse and heart beat were no longer perceptible. 

In Fig. 3 is recorded an experiment in which increasingly large intra- 
venous doses of procaine were given at intervals. It null be seen that 
a transient rise in blood pressure follows a very small dose of procaine. 
After a somewhat larger dose a momentary fall in blood pressure is 
rapidly succeeded by a rise to a higher than normal level. When a 
nearly lethal dose is injected, the drop in pressure is continued a little 
longer ; and finally, when a lethal dose is injected a precipitous drop to 



zero occurs simultaneously with cessation of respirations. Except for 
the transient drop in pressure following injection of moderate doses of 
procaine, the blood pressure trend is much like that observed after sub- 
cutaneous injection of procaine. Pulse, respirations, minute volume, 
and oxygen consumption behaved much as in the preceding experiments. 

From these observations one may say that the terminal circulatory 
collapse is not the result of any loss of plasma volume. It seems un- 
likely that death is consequent on any peripheral action of the drug. 
Tlie abrupt and almost simultaneous cardiac and respiratorj' failure 
suggests rather that death ensues from central medullary paralysis, al- 
though this is not definitely proved. 
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Clinicaiiy two types of severe reaction to toxic doses of local anes- 
tJietics are observed. Briefly, in one, death is sudden and is charac- 
terized by abrupt circulatory collapse, and in some instances heart beat 
and respirations cease almost instantaneously. There may or may not 
be convulsions. The other reaction is more prolonged and is charac- 
terized by convulsive manifestations and finally respiratory and cardiac 
failure. The latter type has been often reproduced experimentally by 
subcutaneous injection of a fatal dose of procaine and the rapid death 
following intravenous administration of a lethal dose in experimental 
animals has been assumed to represent the collapse type of reaction.®’ ” 
It has been suggested, therefore, that the one is dependent upon slow 
absorption of a toxic dose and the other i;pon rapid absorption of a toxic 
dose. 

Although Hatcher and Eggleston^® had found that heart beat and 
respirations ceased together after intravenous administration of novo- 
caine in cats, Knoefel and his co-AVorkers® suggested, from Icj’mographic 
records of blood pressure and respirations following intravenous injec- 
tions of cocaine in dogs, that death fi’om intravenoiAS injections is due to 
direct paralysis of the heart. It is interesting that the kymographic 
tracing Avhich they have used to illustrate this point shows that respira- 
tions are stimulated immediately, even before the blood pressure has 
begun to fall, and that they cease altogether within forty-five seconds 
of the time the pressure has dropped to a critically low level, and within 
sixty seconds of the completion of the injection of cocaine. They felt 
that death after subcutaneous injections, on the other hand, was pri- 
marily a respiratory one. It has been generally assumed that the con- 
vulsive manifestations of these reactions are due to action of the drug 
on the brain and that respiratory failure is diTc to central medullary 
paralysis. In the early cocaine experiments of von Anrep“ it Avas con- 
cluded that the changes in blood pressure Avere due to action of the 
drug on the vasomotor center, that the initial acceleration of the heart 
rate Avas due to the elevated blood pressure and to Amgal paresis, and 
that death Avas due to respiratory failure. 

My experiments confirm the general belief that the '‘collapse" type 
of reaction is more nearly reproduced by rapid absorption or by direct 
intraA’cnovxs injection of procaine and the other type by slow absorption 
from subcutaneous or other tissues. As regards a different mechanism 
of death in the two instances, hoAvcver, one Avonld suppose a priori that 
i-eo-ardiess of the mode of injection or the site of letlial action, procaine 
miJSt pass to this reactive center through the mechanism of the blood 
system and that there should he no c.s.sontial difference in the type of 
death but only a difference in the duration of the reaction. It seems 
likely that after jntraA'enous in.icction the heart should he paralyzed 
before the medullary centers and that after snheufaneous injection the 
centers should be poisoned before the heart. 
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I^Iy experiments suggest, though they do not prove conelnsively, that 
in both the sudden and the more prolonged t>-pe of reaction, death 
occurs chiefly from central medvrllary paralysis. The sudden and brief 
reaction which follows intravenous injection of a lethal dose of procaine 
is exactly like the terminal phase of the more prolonged reaction fol- 
lorving subcutaneous injection of a lethal dose. In both there is so con- 
stantly an almost simultaneous cessation of respiration and heart beat 
that it suggests that the mechanism is likely to be a central one affecting 
both cardiac and respiratory center's. As has been mentioned pre- 
mously, after subcutaneous injection the heart usually but not in- 
invariably beats for a short time after respirations cease, and vice versa, 
after intravenous injection the heart often but not always stops a 
moment before the last respiration. Sometimes the heart beats after 
respiration ceases, and if the thorax is opened soon after respirations 
cease, the heart is always found to be beating feebly even though clin- 
ically it was thought to have stopped. Convulsions are constant after 
subcutaneous injections of a lethal or near lethal dose and almost con- 
stant after intravenous injections. Only when an overwhelmingly large 
dose has been given intravenously, Avhen death is practically instan- 
taneous, are eommlsions apt to be absent, and even then there is or- 
dinarily a general extensor thrust as the animal dies. After a small 
intravenous injection there is a temporary drop in blood pressure, verj' 
transient and followed by a rise to a higher than normal level. This ob- 
servation suggests that procaine may stimulate output of adrenalin. 
When a low concentration of procaine is achieved by slow absorption, 
this fall in blood pressure is not observed. It has been noted that a very 
small intravenous injection of procaine causes no fall in blood pres- 
sure bvrt an actual increase. It is possible that with slow continuous ab- 
sorption into the blood stream of small amounts of procaine there is the 
initial rise, and that as the blood procaine level rises, through some 
physiologic adjustment the blood pressure continues normal or elevated. 
Only when a high enough concentration has been achieved to constitute 
a fatal level does the blood pressure fall precipitously, along with failure 
of heart and respiration. Apparently, levels of blood procaine con- 
centration insufficient to cause the fatal collapse are sufficient to bring 
about stimulation of respiration, increase in pulse rate, altei-ation in 
the state of consciousness, and convulsions. 

In order to see whether, regardless of the route of administration and 
the size of the dose required to cause death by the different routes, tlie 
animals die with roughly the same blood procaine levels, such determina- 
tions were made in a number of animals poisoned by procaine admin- 
istered by different routes. Blood for assay was removed from the 
heart immediately after death. In Table I are summarized the results 
of this study and in Pig. 4 are illustrated the range in blood procaine 
levels according to the route and amount of procaine injected. It will 
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be seen that after intravenons, intrapleural, intramuscular, and sub- 
cutaneous injections, although the injected dose varied from 40 to 500 
mg. per kilogram of bod.y weiglit, tlie average unchanged procaine level 
was almost identically the same. Somewhat more variation occurred 
in the estimated total procaine levels, more of the acetylated procaine 
being present after subcutaneous injections. Following intraperitoneal 
injections the procaine levels at death were somewhat higher. Whether 
this observation means that much of the procaine was absorbed into the 
portal circulation and that perhaps some of that estimated as unchanged 
procaine Avas actually rendered innocuous during passage through the 
liver, I cannot say. It is possible that wliere procaine is freely passing 



into the blood system from sucli a large store, absorption may continue 
during the terminal period of antcmortal collapse and thus rai.se the 
blood procaine Ica'cI at death to a higher Ica'cJ than was actually present 
when the fatal reaction was induced. Altogether tliese studic.s seem to 
substantiate the idea that regardless of the route of admin i.sti-ation, death 
depends upon the presence in the blood stream of a lethal concentration 
M-liich is roughly the same regardlo.s-.s of il.s source. 

It has been found repeatedly that the intravenous lethal dose of 
procaine and of other local anc.sthctic.s in experimental animals is eon- 
"derablv lc.ss than is the subcutaneous lethal dose. It .seemed Avise to 
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Table I 

Blood Pbocake Bevels at Death Followikg Admisistration 
BY Diffebeet Koutes 


■route of 

ADMll^lSTRATlOK 

PROCAINE IN no. 1 
PEP. KG. BODV 
, WEIGHT injected | 

1 (average) j 

FREE BLOOD PROCAINE 
IN MG. PER 100 C.C. 
(AVERAGE) 

total BLOOD 
PROCAIN IN MG. PER 

100 C.C. (average) 

Intravenous 


11.5 j 

14.4 

Intrapleural 

45 

16.4 ^ 

15.6 

Intramuscular 

H75 

11.0 

Subcutaneous 

475 

15.7 

40.7 

IntTaperitoueal 

8S7 

40..^ 

oS.2 


investigate in experimental animals the lethal dose of procaine admin- 
istered h.r still other routes hy which it might be deliberately or in- 
advertently injected into human patients. In Table II the data are 
summarized. Because the median lethal dose is much more accurate than 
an attempted estimate of the minimum lethal dose, results have been 
calculated in terms of the median lethal dose.’- It will be seen that the 
intravenous median lethal dose is only one-tenth of the subcutaneous 
median lethal dose. Surprisingly enough, the intrapleural median lethal 
dose is almost as small as the intravenous, and it may be remarked that 

Table II 


Showing Variation in IiIedian Lethal Dose of Procaine in Guinea Pigs 
According to Route op ADiiiNiSTr.ATiON and According to 
Age of Subject 


ROUTE OF ADMINISTRATION 


YOUXG 

AKIMAUS 

OLI> AKXMALS 

Intravenous 

1 

(54) 

41.: 

5 (38) 

38.5 

; (16) 

Intrapleural 

42 

(25) 

42 

(15) 

j 42 

(10) 

Paravertebral (tUoracie) 

115 

(10) 

115 

(10) 


Paravertebral (lumbar) I 

250 

(30) 

280 

(20) 

213 

(10) 

Intramuscular 

330 

(25) 

350 

(15) 

270 

(10) 

Subcutaneous 

410 

(56) 

425 

(17) 

340 

(9) 

Intraperitoneal 

750 

(28) 

7G5 

(20) 

725 

(8) 


•The number in parenthesis indicates the number of animals used in each series. 


death occurs almost as rapidly after an intrapleural injection as after 
an intravenous injection, and in just the same manner. Control intra- 
pleural injection of similar quantities of normal salt solution produced 
no sjTuptoms. When procaine is deposited in the thoracic paravertebral 
region, the median lethal dose is also remarkably small, being ronghly 
one-fourth of the subcutaneous median lethal dose. In this series the 
accuracy of the injection was proved by autopsy inspection, the procaine 
having been colored with a dye. Animals in which the injection was 
either too superficial or partly intrapleural were excluded. The lumbar 
paravertebral median lethal dose is somewhat larger but still only a little 
more than one-half of the subcutaneous. The intramuscular median 
lethal dose is a little less than the subcutaneous. Again, surprisingly 
enough, the intraperitoneal median lethal dose is almost twice as large 







128 


SUliGERy 


as the subcutaneous. In general it may be said that the larger tlie 
median lethal dose, the longer the period of survival. Othei's hare 
demonstrated that if procaine is sJoicly injected intravenously, the ani- 
mal will survive considerably larger amounts than if it is administered 
until pat rapidity.^ ^ This fact is undoubtedly due to the rapid de- 
struction or detoxification of the procaine, which Hatcher and Eggleston 
believe takes place in the liver.- Prom this fact and from what I believe 
to be true as regards the fatal blood procaine level, I think the enormous 
differences which exist in the median lethal dose according to the route 
of administration are dne to differences in the rate of absorption of 
procaine from the various tissues and body cavities. With the inti'a- 
peritoneal injections another factor may possibly enter into considera- 
tion; namely, the absorption of some of tlie material into tlie portal 
eii’culation and its detoxification in the liver. Perhaps the presence 
of large Ijmrphatic collecting trunks in the paravertebral region may 
contribute to the relativelj'' rapid absorption from this area, and in the 
thoracic paraverteliral region, diffusion thi'ough tlie pleura may be an 
added factor. The entire question of the rate of absorption of procaine 
and other substances from various body tissues will be tlie subject of a 
further report. Regardless of the mechanism, the importance of these 
observations in the clinical use of procaine is immediate^ apparent. 

The statement has been made that procaine should be used in more 
guarded amounts in patients in poor physical condition than in tho.se 
in vigorous healtli.'* The question arises whether age is also a factor 
in the toxicity of procaine. Having on hand a number of guinea pigs 
about a year older than those ordinai’il3’' available, I thought it ad- 
visable to put this question to the test of experiment. Tiie results are 
given in Table II. With the exception of the intravenous and intra- 
pleural routes, the median lethal dose is somewhat smaller in the older 
group I'Ggardless of how the procaine is administered. The differences, 
however, are not great. 

It is commonlj' believed that all local anesthetics should be used in 
the most dilute solutions that are satisfactory. In Table HI are sum- 
marized the data concerning this point. It is seen that sliglitl.y larger 


taolk nr 

SnowiNO Eskect of Coscf.ntPvAtiox of iKJEcrnfi Prcicaisf. Sofut/os XJpos 
SlBPrA.v Lethai. Vose is Giu.vea Ptos 


'route of admixistration 

1 n.o9t SOLVTIOS* 

1 SOLUTION 

1 109 ^, son'TioN 

Intravcnou.>: 

Subcutaneous 

1 n (]<}} j 

1 1 

m (8) I 

! 470 (}t>) 1 

■iS CIO) 

1 :!8.'> (10) 

;:Thrnumber in parenthe.‘<l.‘i indicates the miinbcr of nnlnmi.s ii.scd in cadi Kroup. 


nnts of the more dilute sohitiom are (olorafcd. The dtffcroncc.s arc 
and arc I believe, dependent upon tlie fact that liic larger ammint.s 
onhe more dilute solutions are neces-sarily injected more slowly in the 
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intravenous injections and are absorbed more slowly from the sub- 
cutaneous tissues than are the smaller amounts of the more concentrated 
solutions. Clinically, of course, a much more important consideration is 
this : ordinarily in infiltration anesthesia as large an amount of a con- 
centrated solrrtion will be required to obtain anesthesia as of a more 
dilute solution, and consequently the total amount of procaine used is 
apt to be much greater in the concentrated solution. 

Since procaine is often used as a supplementaiy anesthesia during 
general anesthesia, -I have studied the lethal properties of procaine given 
during ether anesthesia. Knoefel, Herwick, and Loevenhart® had ob- 
served in dogs that preliminary administration of morpliine and rectal 
ether might reduce the sjTnptoms of cocaine poisoning but was of no 
value in preventing death and that, indeed, with its use death might en- 
sue unth a sublethal dose. Tatum, Atkinson, and Collins^^ had premously 
found the inhalation of ether of no therapeutic value in cocaine poison- 
ing. In my experiments the median lethal dose of procaine after ether 
anesthesia was determined in sixteen guinea pigs. The animals were 
kept asleep for five minutes with ether, the mask was removed, and 
varying amounts of procaine were injected intravenously. Under these 
circumstances, the median lethal dose was found to be only 15 mg. per 
kilogram of body weight in comparison rvith 41 mg. in the unanes- 
thetized control animals. An effort was made to see wliether the sub- 
cutaneous lethal dose was similarly reduced in animals kept asleep with 
ether, but was not entirely satisfactory. Tiie procaine reaction itself 
is more prolonged with subcutaneous injections and is associated with 
loss of consciousness, so that it was difficult to estimate how much etlier 
to give and one was never quite certain whether the animal was actually 
anesthetized with ether. The impression rvas that the lethal dose was 
somewhat less than in the unanesthetized animals. 

The one prophylactic measure about which there is general agreement 
is the use of the barbiturate group of drugs. This measure was first 
introduced by Hofvendahl” and has been supported by Tatum, Atkin- 
son, and Collins,'^ and others. Dornis and Eddy’^ thought that barbital 
increased the fatal dose of cocaine in rats by about 10 per cent. 
Knoefel and his co-workers- found that sodium barbital and paralde- 
hyde increased the minimum subcutaneous lethal dose of cocaine in the 
rabbit from 100 to 150 mg. per kilogram and in the dog from 26 to 100 
mg. per kilogram, and that monkeys which died from 30 mg. per kilo- 
gram survived as much as 100 mg. per kilogram if barbital and paralde- 
hyde were given beforehand. 

Since I had obtained data concerning the reduction of the sub- 
cutaneous median lethal dose in guinea pigs if the procaine was intro- 
duced by other routes, I thought it important to see just how much the 
median lethal dose could be increased through tlie prophylactic use of 
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one of the barbitiirates. Maloney® has shown that the most effective 
barbiturates are those of high toxicity such as nembutal, dial, and 
pernocton. In these experiments nembutal was used, each animal being 
given 0.8 c.c. per kilogram of body wmight of a 4.2 per cent solution 
intraperitoneally twenty minutes before administration of the pro- 
caine. The animals were sound asleep, almost completely anesthetized. 
The dose was safe as determined Avith a number of control animals. The 
results are summarized in Table IV. The intravenous and the intra- 
pleural median lethal doses rvere not increased but Avere actually de- 
creased someAvhat ; the intramuscular and subcutaneous median lethal 
doses Avere increased bj^ about 70 per cent. 

Table IV 


Shoaving PiiorHYLACTic Effect op Nembutal on Median Lethal Dose 
OP Procaine in Guinea Pigs 


KOUTE OF ADMlNrSTRATlON" 
OF PROCAINE ^ 

NEMBUTAL GIVEN BEFORE 
PROCAINE* 

untreated controls 

Intravenous 

35 (10) 

41.5 (38) 

Intrapleural 

35 (12) 

42 (15) 

Intramuscular 

610 (16) 

350 ( 15 ) 

Subcutaneous 

700 (16) 

425 (47) 


•The numbers in parenthesis indicate the number of animals used in each group. 


Although tlie barbiturates are of some aid in the prophylaxis and 
treatment of local anesthetic OAmrdosage AA'hen absorption is sIoav, they 
are of no aid in preventing or treating the reactions Aidiich foIloAv rapid 
absorption of a toxic dose. No Amry satisfactory treatment for such re- 
actions has been demonstrated. In ten guinea pigs given 50 mg. per 
kilograms of procaine intravenously, 0.05 c.c. of coramine given intra- 
A'enously immediately thereafter did not save a single animal. Five- 
hundredths cubic centimeter of coramine Avas determined on control 
animals to be a safe dose; 0.08 c.c. caused conA’ulsions. Similarly, ten 
guinea pigs given 50 mg. per kilogram of procaine intravenously could 
not be saA'cd by the intravenous in.iection immediately thereafter of 
0.025 c.c. of metrazol, although the heart beat and respirations con- 
tinued perhaps a moment or so longer tlian usual. Even aa'Iicii the 
metrazol Avas mixed Avith the procaine before injection, none of the 
animals survived. Artificial respiration in these animals did not pre- 
vent death. The amount of metrazol used Avas found by injeclions 
into control animals to be a safe dose. 

DISCUSSION AND SUMMARY 

It appears likely from the data presented as well as from certain 
material in the literature that all or nearly all of the .symptoms arising 
from an overdose of procaine are due to affection of the nervous system 
d cbieflv to affection of the central nervous .system. Death is prob- 
X due ■essentially to medullary re.spiratory and cardiac paralysis. 
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There is no significant reduction in plasma volume during procaine 
reactions. The essential difference between the types of reaction that 
follow rapid alisorption or direct intravenous injection of procaine 
on the one hand, and slow absorption from the subcutaneous or other 
tissues on the other, seems to be the duration of the reaction. The 
terminal failure of vital functions appears to be the same in lioth types. 
Death seems to be contingent upon a certain critical concentration of 
procaine in the blood, varying somewhat in individuals, but in general 
being of roughly the same order. 

The lethal dose of procaine varies widely according to the route of 
administration. The intravenous median lethal dose is only one-tenth 
as great as the subcutaneous, and the intrapleural median lethal dose 
about the same. The thoracic paravertebral median lethal dose is little 
more than one-fourth as large as the subcutaneous, and the lumbar para- 
vertebral about one-half as large. The intramuscular median lethal 
dose is somewhat smaller than the subcutaneous, and the intraperitoneal 
almost twice as large. These enormous differences in toxicity of pro- 
caine with different routes of administration are probably due to dif- 
ferences in the rate of absorption of the drug. It is obvious from these 
data that one should be very careful not to inject procaine intravenously 
or intrapleurally. In paravertebral injections, especially in the thoracic 
region, only small amounts of procaine should be used. One need not 
be concerned about the injection of moderate amounts of procaine into 
the peritoneal cavity. 

A given amount of procaine is somewhat more toxic if administered 
in a concentrated solution than in a dilute solution, probably because 
of the more rapid absorption of the former. A more practically impor- 
tant reason for using only dilute solutions is the fact that satisfactory 
anesthesia can frequently be obtained with an actually smaller amount 
of procaine if a dilute solution is used. Anything that slows the ab- 
sorption of procaine makes it safer. Others^ have demonstrated that 
adrenalin mixed with procaine brings about an increase in tolerance to 
the drug through slowing the rate of absorption. 

The old appear to tolerate procaine somewhat less well than the 
young. Other conditions wliich seem to decrease tolerance are severe 
hemorrhage^ and probably damage to the liver, since procaine is thought 
to be largely detoxified in this organ.- Ether anesthesia definitely de- 
creases the lethal dose of procaine given intravenously and probably also 
if given by other routes. 

As regards prophylactic and therapeutic measures the experimental 
literature is full of contradictions. Salent and Nadler” thought alkalies 
given intravenously before cocaine increased the tolerance to the drugs 
in cats, and Knoefel and co-workers® found them of no value in cocaine 
poisoning by intravenous injection in dogs and rabbits, nor did Eggleston 
and Hatcher^ find them of any value in saving oats after intravenous 
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injections of various local anesthetics. Eggleston and Hatclier^ found 
that caffeine had no prophylactic influence on the toxicity of intra- 
venously injected local anesthetics, but Nielsen and Higgins'® found it 
of a little value in counteracting the effects of subcutaneously admin- 
istered bntjTi. Dragstedt and Lang'® thought atropine of some propliy- 
lactic value, but Knoefel and his co-workers® found that it did not in- 
fluence the outcome in cocaine poisoning in rabbits following’ sub- 
cutaneous injections, nor did Eggleston and Hatcher® And it of value in 
intravenous injections of various local anesthetics in cats. Knoefel 
and associates® found ephedrine of no prophylactic value and Nielsen 
and Higgins'® found it of questionable value. Eggleston and Hatclier® 
thought adrenalin combined with artificial respiration of definite 
therapeutic value in cats poisoned with cocaine injected intravenously. 
Nielsen and Higgins'® thought pituitary solution of prophylactic and 
therapeutic value in I'abbits and dogs poisoned with butyn given sub- 
cutaneously, but Knoefel and his co-workers® thought it of no value in 
cocaine poisoning in eats and dogs. Eggleston and Hatcher® thought 
ouabain of prophylactic value before intravenous injections of various 
local anesthetics in cats, bixt Knoefel and his co-workers® found it did 
not help with intravenous injection of cocaine in a few dogs and cats. 
Hjmscine, morphine, morphine and rectal ether, chloral hydrate, 
potassium cj'anide, amjd nitrite, intravenous saline solution, and cal- 
cium appear to be without value.®’ *’ '®’ '® Tatum and Collins'® found 
artificial respiration efficacious in treating rabbits injected subcu- 
taneoushr with cocaine, but not dogs. With cats given toxic doses of 
various local anesthetics intravenously, Eggleston and Hatclier® found 
artificial respiration alone or combined with cardiac massage of no aid, 
but of value combined ndth the intravenous administration of adrenalin. 

The outstanding observation about which there is general agree- 
ment is that the barbiturates seem to be of value prophylactically 
and therapeutically against subcutaneously administered local anes- 
thetic agents.®’ ®’ The higher the animal as regards brain develop- 
ment, the more effective the barbiturates seem to be. The ideal bar- 
biturate is apparently one combining high toxicity and long-continued 
action.® Tatum, Atkinson, and Collins'-’ are of the opinion that the 
deleterious effect of the local anasthelie on the re.spiratory center is by 
way of the cerebrum and that essentially a tetany of the j’csjuratory 
center with ultimate exhaustion occurs. They feel that the barbiturates 
are effective through depressing the higher functions of the brain as 
"'r 11 as the respiratory center. Whether this is the correct explanation 
7^ imot say. Nor can I explain why only the baz’bitinvifes ai-e effective 
^ *7 arc'ntly no other central nervous .sy.stom depress;, nts, .sedatives, 
and example, morphine, ether, chloral hydrate, etc. Nor 

and njP ’ barbiturates are effective against local anesthetics 

can I cxpla'i' 
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slowly absorbed, but not when rapidly absorbed ; that, indeed, in the lat- 
ter case tolerance may he decreased. The explanation of Knoefel and his 
co-workers® that this is due to the direct action of the anesthetic on the 
heart does not seem entirely satisfactory. 

In the present study it was found that nembutal given before procaine 
increased tolerance about 70 per cent when the procaine was given sub- 
cutaneously or intramuscularly, but decreased tolerance slightly when 
the procaine was given intravenously or intrapleurally . 

I was unable to save animals given procaine intravenously by the 
intravenous administration of eoramine or metrazol. 
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Reactions to local anesthetic agents 

II. A Clinical Eeport 

H. B. Shumackeb, Jr., M.D., 

Baltimore, Md. 

(From the Department of Surgery, the Johns Eophins Hospital and 
School of Medicine) 

/^OCAINE was first used as an agent for inducing local anesthesia 
following the discovery of its anesthetic properties by von Anrep’ in 
1880 and its applicability in ophthalmological surgery through the ex- 
perimental and clinical observations of Koller.- Hardly had its use 
been well established in surgical practice before the necessity for sub- 
stitutes arose because of the habit-forming property of this drug and 
especially because of the too common reactions which followed its use. 
These reactions ivere frequentlj’^ mild in character and recovery ensued, 
but too often they were severe and even fatal. 

A dozen or more substitutes were introduced, all alike in some respects 
and each with certain virtues and defects. They are all, lilie cocaine, 
lipoid soluble alkaloids. None is habit forming. They vary in effective- 
ness when topically applied to mucous membranes, in the duration of 
anesthesia, and in other respects. It is not within the province of this 
report, however, to discuss the relative merits or the special field of 
application of each of these anesthetic agents. Suffice it to say, first, tiiat 
for nei’ve blocking and local infiltration there is general agreement that 
procaine is reliable, effective, and the safest of all these agents; and 
second, that cocaine and the entire group of cocainelike anesthetics are 
similar in the types of reaction which they may evoke, althougli they 
differ in the frequency ivith which their use is attended by sucli an unto- 
ward effect.^'" 

It is my purpose to discuss these reactions in regard to their character, 
prevention, and treatment and to describe some illustrative cases which 
have oeeuiTcd in the Johns Hopkins Ilo.spital. I .sliall limit myself to 
reactions following the use of these agents in topical api)lication, local 
infiltration, and nerve blocking. I .sliall not consider the reactions which 
occasionally follow spinal anesthc.sia .since there is good evidence that 
they are ordinarily to ascribed to tJie anesthesia obtained rather than 
to idiosyncra.sy or to overdosage of the drug. For like reason I shall 
exclude reactions following caudal anesthesia. In one recent fatal case 
in the Johns Hopkins Hospital the anesthetic Jiad been inadvcrleiilly 
injected into the .subarachnoid .sjjace, as was j)roved l)y analysis of the 

cerebrospinal fluid. 

pi^ntPd nt thp nicetinf.' of tlw Soel>-ty of I'nlrri.^lty .siiwwm nt .S(. f»iiK .^fa. 
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About twenty years ago the American iiledical Association’s Commit- 
tee for the Study of Toxic Eifects of Local Anesthetics asked that all 
reactions be reported to it, and in 1924 and again in 1928 IMayer pub- 
lished the fatal cases which had been submitted.^’ ® Among other recom- 
mendations the request was made that all severe and fatal reactions be 
recorded in the literature. Few such cases have been reported. 'Whether 
this is indicative of the extreme infrequency of these reactions or to a 
failure to report them, I do not Imow. If tlie latter is the case, we maj 
be lulled into a false sense of security. To call them to the attention of 
the medical profession need cause no undue alarm nor undermine the 
correct general impression as to the relative safety of local anesthesia, 
and yet may keep us alive to the possibility of their occurrence, and 
make us more alert in utilizing the known safeguards in an effort to 
prevent them and better prepared to treat them once they occur. 
Furthermore, discussion may stimulate experimentation which may lead 
to better prophylaxis and treatment. It is with these ideas in mind 
that I submit this report. 

The reactions may he divided into two types ; first, those presumably 
dependent upon true hypersensitivity of the patient to the drug ; and 
second, those resulting from absorption of a toxic dose. The following 
are examples of the first tjqie of reaction. 

Case 1. — A minute amount of novocaine was injected into the skin of a patient 
preparatory to a lumbar puncture.* The injection had hardly been made before 
the patient began to wheeze in a typical asthmatic attack. She immediately asked 
the physician whether he had not injected novocaine, telling him that her only 
other attack of asthma had followed injection of this drug. She did not have hay 
fever or allergj- to any of the common antigens. Before epinephrine could be 
secured and administered the brief but momentarily alarming attack had subsided. 

MacKay" reported a somewhat similar reaction in a tuberculous 
patient who had wheezing, labored breathing, feeling of tightness in the 
mediastinum, weak and rapid pulse, and prostration after each pneumo- 
thorax refill done with local novocaine infiltration : She had had some 
wheezing before, independent of the refills, and this continued, but had 
no reactions following her refills when they were carried out without 
anesthesia. 

Case 2. — (Unit No, 124977.) The patient, a 25-year-old medical student, had 
incision of two small chalazions on tlie lower lid and a small hordeolum on the up- 
per lid of the right eye after instillation with 1 per cent pontocaine solution. Two 
days later he had e.vtrcme swelling and injection of the conjunctivae of the right 
C}'C. The following day the clieraosis and conjunctival injection were very great and 
the face was puffy about the outer canthus. There was little discharge, and smear 
and culture were negative. He was admitted to the hospital but the frequent use 
of argv-r ol and boric acid followed by irrigations of zinc sulfate brought about no 
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improTement. In fact, tiie reaction proceeded to a point where there was aetuallj- 
some loss of substance. Pontocaine reaction was finally suspected, and eight days 
after tlie operation a skin sensitivity test was carried out, 0.1 c.c. of 1 per cent 
procaine being injected intradermaliy into one arm and the same amount of 0.5 per 
cent pontocaine into the other. He had no reaction to the procaine, but a violent 
reaction to the pontocaine. In twenty-four hours the area of reaction measured 
C by 10 cm. and there was some necrosis in the central portion. Both the ocular 
and the cutaneous reaction subsided slowly^, and he was discharged seventeen days 
after the operation.* 

A ease similar to this one has been reported by Pfeiffer,’*’ and the same 
general sort of reaction has been encountered by others. One of 
MaeKai’^’s® tuberculous patients had pain localty after each pneumo- 
thorax refill with novocaitie anesthesia and I’emained entirely free of 
this local soreness when these treatments were carried out without anes- 
thesia. lifullen” recorded two similar eases of local pain, tenderness, 
erythema, and induration aftei' each refill, with complete absence of sucli 
reaction when the refills were done Avithout noA’oeaine. A skin test in 
the arm with 0.1 c.c. of novocaine in each ease resulted in a typical local 
reaction. 

It seems entirely likely that reactions of these sorts represent a true 
hypersensitivity to the drug. I loiow of no experimental production of 
these reactions. Epinephrine or ephedrine .sliould be of some aid in 
treating them. 

The reactions which are ascribed to a toxic dose may be mild or severe. 
In the mild reactions there may be restlessness, palpitations, perspira- 
tion, pallor, loquacity, nausea, and tremor. Tlicre is good evidence that 
the incidence of such reactions maj’ be substantially reduced by pre- 
liminary medication Avith one of the barbiturates and that the reactions 
may likeAAUse be successfully treated AA'ith barbiturates.’-'”* The severer 
reactions are generally divided into tAvo groups, one ciiaracterizcd by 
convulsions and respiratory faihu'c, the other by sudden collapse. In 
the former there may be apprehension, excitement, delirium, and 
dA'spnea. There lire ahA’ays convulsions, and death is ordinarily said to 
be respiratory in type. The second group is associated Avith sudden 
pallor, taebi'cardia, fainting, and shock. Cardiac and respiratory failure 
occurs very' rapidly. I am not entirely certain that deafJi in the first 
type is primarily due to respiratory and in the second to cardiac 
failure,’® as is commonly bclicA’cd. The barbiturates arc apparently 
effective prophylactieally and therapeutically in the first type of re- 
action, but of no value in the second.’’-’® 

These reactions arc exemplified by the following en.scs which have or- 
red in the Johns Ilopkims Hospital. One death oeeurred with caeninc, 

-ith bAAtvn and cocaine, and one with procaine. Three luhlitioiwl 
nmXal procaine reactions are included. 

case reported through the courtc.j- or nr. J. .Ah 
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Case 3.— (tlmt Ko. P 52324.) The patient, a colored male, 32 years of age, 
came to the Eectal Clinic in 1916 complaining of bleeding hemorrhoids. Nothing 
else of consequence was found in the liistory or on physical examination. He re- 
turned a few days later for hemorrhoidectomy under local quinine-urea anesthesia. 
With the patient in the knee-chest position, the area was properly prepared and 
local infiltration was carried out, 25 c.c. of the anesthetic solution being used. The 
injection was hardly completed when the patient suddenly cried out in an in- 
coherent manner, fell forward on liis face, and began frothing at the mouth. He 
rapidly lost consciousness and had several violent clonic and tonic convulsions. In 
spite of attempts at artificial respiration it was impossible to restore pulse or 
respirations, which had rapidly disappeared; the patient did not regain consciousness 
and died witliin about five minutes. On analysis of the anesthetic solution it was 
found that by mistake the operator had been given 10 per cent cocaine. 

Case 4. — (Unit No. J 76779.) The patient was a wliite male, 72 years of age, 
who came to the Nose and Throat Dispensary in 1931 because of hoarseness of six 
months’ duration. He was found to have a carcinoma of the larj-nx. After a pre- 
liminary spray with 5 per cent butj-n, cocainization of the larj-nx with a 20 per 
cent solution was begun in preparation for biopsy. During this procedure he began 
to complain of being short of breath, and quickly stopped breathing. A tracheotomy 
and artificial respiration were of no avail. A note records that the heart continued 
to beat at least five minutes after respirations ceased. 

Case 5. — (Unit No. 175032.) The patient, a 43-year-old male, was admitted to 
the hospital in June, 1939, with a carcinoma of the lung for which a total pneumonec- 
tomy on the right side was performed. An empyema associated n-ith a bronchial 
fistula developed and was treated by drainage with an intercostal catheter and 
bronchoscopic applications of silver nitrate. He was discharged in September, and 
returned in October and again in November for bronchoscopy. On the latter oc- 
casion his larj-nx was cocainized with application of 20 per cent cocaine after a 
preliminary spray with 5 per cent butyn. As soon as this preparation had been 
completed and he was placed on the bronchoscopic table, he complained of short- 
ness of breath and suddenly had a generalized convulsion. The mouth was quicklv 
forced open and the bronchoscope passed, through which oxygen was delivered. He 
rapidly lost consciousness, the convulsive seizure persisted, and after about twentv 
minutes respirations ceased. Although the clinical note makes no mention of it, 
one of those present thinks that adrenalin was given intravenously. The patient had 
been similarly cocainized for four previous bronchoscopic treatments without re- 
action. 

Case 6. — (Unit No. 196469.) A wliite female, 50 years of age, who had had an 
arthrodesis on the left hip for traumatic arthritis, was readmitted in July, 1910, 
about five weeks after discharge, because of pain in the leg and thigh, which 
was still in a recently applied spica cast. It was thought that she had a thrombo- 
phlebitis, and a paravertebral sympathetic block with 2 per cent procaine was 
carried out. Almost immediately she had a severe reaction characterized by pallor, 
rapid pulse, and faintness. She was given 2 c.c. of metrazol intravenously and 
prompt recovery ensued. 

Case 7. — (Unit No. 206971.) A 52-year-old white male was admitted in August, 
1940, with femoral thrombophlebitis. A lumbar paravertebral sympathetic block 
was carried out with 2 per cent procaine. About 4 c.c. each was injected at the 
level of the first, second, and third lumbar ganglia. The total amount used is not 
stated, but was thought by the operator to have been 20 or 30 c.c. Tive or ten 
minutes after the injection the patient felt faint and nauseated, the pulse became 
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rapid and thready, and blood pressure fell to about 50 systolic. He ivas given 0 5 
of caffeine sodium benzoate intramuscularly and i c.c. of coramine intravenonsly. 
His symptoms and the signs of shock persisted for almost two hours. Eecovcrv 
followed. 


Case S.— (Unit No. 16909S.) The patient, a 7-year-old colored girl, came to 
the Accident Room in September, 1940, with a Y-shaped laceration of the right arm 
uhich she had sustained in a fall. Some of the fibers of the triceps muscle had 
been divided. The surrounding area was prepared with kalmarid and infiltrated 
with about 15 c.c. of 2 per cent procaine, after which the wound itself was cleaned 
with surgical detergent and kalmarid. Some bleeding started, a tourniquet wa.s ap- 
plied, and repair wa.s begun. After the muscle was approximated and suture of the 
skin was begun, the patient suddenly became apneic and respirations ceased. She 
could not be roused, and the pulse was ver 3 - rapid though it felt of normal volume. 
Artificial respiration was begun. After about two minutes she began to gasp for 
air in short respiratory excursions. Respirations became normal after a few min- 
utes though she did not respond for several minutes more. About ten minutes after 
the reaction began she appeared normal. 


Case 9. (Unit No. 20SG59.) A 40-year-old white female was admitted in 
August, 1940, because of Raynaud's disease and scleroderma. The following day 
skin temperature studies and a dorsal procaine block were done. Six cubic centi- 
meters of 2 per cent procaine was used in infiltrating the skin and the suhcufnncous 
and intramuscular tissues. Tlie needle was introduced paravertebrally about fifteen 
minutes after the injection was begun. Ten cubic centimeters of procaine was now 
injected, 2 c.c. at a time. Almost immediately the patient said she felt a little 
faint, and she was allowed to lie down. She said she still felt faint. The puhso 
seemed of normal volume and was not increased in rate. Suddenly, five mimitc.s after 
the injection, she lost consciousness, the pulse disappeared, and heart and respirations 
ceased, all about simultaneously. The foot of the bed was quickly elevated, and 
coramine, caffeine, and adrenalin were given intravenousli- in rapid .sucocs.sion. 
Artificial respiration was begun with oxygen inhalation. Coramine was again given 
intravenously, and when no response was obtained, 4 c.c. was injected into the 
heart. An artificial respirator delivering oxygen was b}- now in use. Suddenly, 
fourteen minutes after the collapse occurred, she began to breathe spontnncoii.sly, 
the radial pulse became perceptible, and the heart sounds wore fairly vigorous. 
Her face, however, remained cyanotic. After five minutes, heart and respirations 
ceased as suddenly as they had reappeared. During the Inst few minutes there was 
a little frothing at the mouth. During the reaction she had bad several Uimdred 
cubic centimeters of 5 per cent glucose and normal saline .solution intravenously. 


At the end coramine was again injected into the heart, but without effect. 

Since the few centimeters of procaine remaining in the flask had hocn spilled 
during the procedure, none remained for testing. The hatch of procaine .solution 
of which thi.s was a .sample, however, cau.scd no other reactions. The injection wn.s 
carried out I'-ith a 2 c.c. .syringe. Each time the .syringe was removed for refilling 
no blood and no spinal fluid wn.s .sren at the open end, and there was no sucking in 
of air Each injection was preceded by attempted aspiration; no blood, spinal fluid, 
nor air wa.s withdrawn. During the five minutes when the patient was breathing 
tl re wn.s ample evidence that no high spinal nnesllie.sia had been obtained. This 
f"*^t is "mentioned because in an attempted .sympathetic l.h.cic it i.s possible to inject 
1 ' fl -1 into the sulinraebroid .space. As White has puintrd ouf.m thi.s m-eident 
rk 1 - to happen if the needle is direrted evplmlnd, but thi.s wa- not llie ease in 
more li'e.' neither this nor the other two eases was (here any evideio-e that 

this instance. - j_,v,,nOu.s. intrapleural, or intrnrx'ritonenl injection hail U-en 
n sobaraohnoii , i • r.vorei,>ed to guard against tlie-e possiliiliiie-, 

made, and the usu. • ' nns adrenalin iiscd vitli (he iine-aine. 

In neither thi.s nor the oiaer t. • 
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It will be noted that one of the cocaine and all of the procaine re- 
actions occnrred within the past year. I am nnable to find in the hos- 
pital records other cases of severe or fatal reactions to local anesthetics. 
This fact does not necessarily mean that none has occurred. Unfor- 
tunately, because of possible failure to include these diagnoses in the 
index files, any that may have occurred cannot be traced. Undoubtedly 
other nonfatal reactions have occurred. If other fatal reactions har^e 
escaped detection, they must be few in number. 

It is extremely unfortunate that in none of the fatal cases was autopsy 
permission obtained, although it is true that in autopsies on other 
patients who died apparently of such reactions, nothing significant has 
been observed. Hatcher and Eggleston=° have suggested that in cases 
where small amounts of novoeaine have been used, death may possibly 
be due to some abnormality of the heart or respiratory center whereby 
susceptibility to the toxic action of the drug is increased to an extraor- 
dinary degree. Follis”^ has recently reported cases which suggest that 
sudden death during general anesthesia may be at least partly dependent 
upon some anomaly of the coronary vessels. It is equally unfortunate 
that blood was not drawn at death for determination of blood procaine 
concentration, as such studies might throw some interesting light upon 
the subject.^® 

In connection with this general problem of reaction, certain questions 
naturally arise. In the first place, one umuld like to know what con- 
stitutes the essential difference between the so-called “ convulsive-respira- 
toi’y failure” and “collapse” tj-pes of reaction. In my experiments'® 
the sudden deaths where the procaine was injected directly into the 
blood or was absorbed with great rapidity more nearly resembled those 
clinical reactions designated as the collapse tjqje, and the more pro- 
longed reactions resulting from injection of a fatal dose subcutaneously 
or by some other route where absorption is slow were more like those 
clinical reactions designated as the convulsive tj-pe. Except for the 
time interval before the onset of the reaction and for the duration of the 
reaction, no essential difference was noted. Even where the reaction was 
prolonged the terminal phase resembled remarkably the briefer reactions. 
The work suggested, though the point could not be definitely proved, 
that in all instances death was primarily due to central medullarj- 
eardiac and rcspiratmy paralysis. In all the experimental reactions 
eonmilsions were the rule. Clinically, the collapse type of reaction is 
said to be characterized by circulatorj- failure and death from cardiac 
failure. This is certainly not always true. In Case 4 there ivas a sudden 
collapse and rapid death, associated with no convulsions, and yet the 
heart continued to beat after respirations ceased ; and in Case 9,' where 
the initial s\mptom was a feeling of faintness, heart and respirations 
ceased simultaneously, began again simultaneously during the brief 



140 


SURGERY 


period of resuscitation, and again ceased at the same instant. If is 
said that the collapse type of reaction is either accompanied bj* no con- 
vulsions at all or by a single convulsion. In Case 3, where sudden 
collapse occurred and death took place within the short space of five 
minutes, there were vigorous convulsions up to the end. As a mattei' 
of fact, one would have difficulty in fitting a number of the cases I have 
reported into either the one category or the other according to tlie 
usual descriptions. One must suspect that in human beings, as in 
laboratoiy animals, the important factor is the I’ate of absorption and 
the amount of the anesthetic absorbed, and that upon these factors 
depend the duration and the chai’aeter of the reaction. 


Second, one would like to know ndiat constitutes a “safe” dose. This 
question it is impossible to answer. LiebeP- injected into himself 400 
mg. of 1 per cent novoeaine and an hour later 750 mg., without ill effect. 
Braun“^ used clinieall.y as much as 1,500 mg. of procaine in 0.5 or 1 per 
cent solution, without reaction. SiegeP'* used 3,000 mg. of 0.5 per cent 
novoeaine, without reaction. Bieter’ suggested 430 mg, as a safe dose 
and one-half as much in highly vascular areas. Labat,® who had a vast 
experience, gives as a maximal safe dose 2,500 mg. of 0.5 per cent 
novoeaine, 1,500 mg. of 1 per cent, and 1,200 mg. of 2 per cent. These 
estimates are chiefly on a basis of clinical experience. Tlie death from 
procaine poisoning which I have reported occurred following the use 
of 320 mg. As little as 30, 20, and even 12.5 mg. have resulted in 
fatalities.®’ It is apparent that the “safe” dose is unknown and that 
Avhat is a safe dose in the majority of cases may in a rare instance prove 
fatal. In addition to route of administration and rapidity of absorption, 
which influence the toxicity and which I shall discuss later, it is clear 
that in certain fatalities a true idiosyncrasy must occasionally he taken 
into consideration. 


Another question concerns the concentration of the anesthetic solution. 
The general belief is that one .should use as dilute a solution as is satis- 
factory. Mayer® felt that procaine should be given in no greatei’ con- 
centration than 1 per cent ; Labat,® Bieter," and others, in no more than 
2 per cent. Labat® suggested that the actual amount of novoeaine which 
constitutes a safe maximal dose may be twice as much in 0.5 as in 2 per 
cent sohition. Experimental animals tolerate slightly larger amounts of 
nrocaine if it is given in dilute solution, probably because the larger 
amounts of the more dilute solutions arc absorbed more slowly.’® It is 
•ell Imown that much nioi-e than an ordinary ini ravenous lethal dose 
'' • be injected without causing death if the solution is injected slowly.'* 

■ are other valid reasons why dilute .solutions .should be used. Anes- 

^ Ti .. 1 ,. In be obtained with an actiiallv .smaller amount of the 

thesia js liKci.i lo ol 

— , which were not fnt.il. tnn (Odo'x c nml 7). wire fh-ir- 

• Tn the procaine rc^coim jcnio S) n.in olnrnrhTlz< d l>rhnriril> hy 
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anesthetic if a dilnte solntioii is employed for the reason that in ordinary 
infiltration a certain volume is almost sure to be necessary to obtain satis- 
factory anesthesia regardless of its concentration; also, if some of it 
were to he inadvertently injected into the blood stream, it would be 
much less apt to prove fatal if a dilnte solution were being used. Like- 
wise, except where specifically contraindicated, adrenalin should always 
be mixed with the anesthetic solution because this combination both 
slows the rate of absorption and increases the duration of the anes- 
thesiad“ The sole advantage of using a more concentrated solution seems 
to be that the duration of anesthesia may be longer if the concentration 
is greater. 

Still another question concerns the route of administration. It is 
striking that all three of the procaine reactions which I have reported 
followed paravertebral sjunpathetic block. I know of no other reported 
fatalities with this sort of injection. The technique used was that recom- 
mended by White^® for doi'sal and by Oehsner and DeBakej^^' for lumbar 
block, except that these authors used 1 per cent solution; whereas, in 
these cases 2 per cent was used. The actual amount of procaine given 
in the fatal case, however, u-as well rvithin the limits of what is ordi- 
narily considered a safe dose. As has been mentioned before, the usual 
precautions were observed to avoid inadvertent injection into the blood 
stream, subarachnoid fluid, peritoneum, or pleura. It has long been 
Imown that experimentally the intravenous lethal dose is much less than 
the sulicutaneous. My experiments^® with guinea pigs have revealed what 
I believe to be clinically important ; namely, that the median lethal dose 
of procaine is only one-tenth of the subcutaneous if the solution is given 
either intravenously or intrapleurally, one-fourth if given in the thoracic 
paravertebral region, one-half in the lumbar paravertebral area, and 
about eight-tenths if given intramuscularly. If given intraperitoneally, 
however, the median lethal dose is about tudce as large as the subcu- 
taneous. It is believed that these differences are due to differences in the 
rates of absorption from the various tissues and body cavities. Ob- 
viously, then, one should use smaller amounts of anesthetic solutions in 
those tissues where the lethal dose is Itnown to be small. 

Certain other factors probably reduce the lethal dose somewhat. The 
old tolerate procaine slightly less well than the young.^® Acute hemor- 
rhage, circulatory depression, decrease in liver function, and other 
conditions wliich might interfere with the proper delivery of the pro- 
caine to the liver for detoxification or which might interfere with this 
process in the liver itself, probably decrease tolerance to procaine and 
the other anesthetic agents.== Ether anesthesia also probably decreases 
tolerance to procaine ;®® hence, one should be somewhat guarded in the 
amount used in supplementing general anesthesia. 

Finall.v, another important question is how the reactions may be pre- 
vented and treated. Tlie one agent which has been generally found of 
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value is tlie group of barbiturates. Experimentallj^, deep hj^pnosis 
approaching surgical anesthesia induced with one of the barbiturates 
definite^ increases tolerance to the local anesthetics in a variet3^ of 
animal species, provided the anesthetic is administered bj' a route where 
slow absorption takes place.*® It appears that clinically moderate doses 
of the barbiturates are effectual in preventing the milder type of toxic 
reaction and the severer sort characterized b,v commlsive manifestations 
and rather prolonged duration. In experimental work the barbiturates 
are entirely ineffective in preventing reactions of the type which follow 
rapid absorption of the anesthetic; presumablj’' also those clinical re- 
actions which come on rapidl.v and terminate quiekl3^ and which are 
apparent^ the result of rapid absorption of a toxic dose, cannot be 
prevented bj’’ barbiturates. Those reactions, the incidence of which 
can apparentlj’’ be z'educed b,v preliminarj' administration of bar- 
biturates, can sometimes be effectivelj' treated bj' the intravenous admin- 
istration of one of the barbiturates onee the reaction has begun. It 
appears that the ideal barbiturate is one of high toxicity and long con- 
tinued action.*' Nembutal, dial, and pernoeton have been demonstrated 
to be effectual. Seconal might prove valuable in prophylaxis, and sodium 
pentothai might be a useful agent in the treatment of these reactions. 
The reactions which follow rapid absorption are more difficult to treat. 
Bxpei'imentallj^, one investigator has found intravenous adrenalin and 
artificial respiration of value.^® Pitxzitary solution has been reported 
to be effective in experimental reactions,^ but othei's have found it dis- 
appointing.*® In some of the clinical cases I have reported eoraniine 
and metrazol may have been of aid, although experimentally I could not 
demonstrate their efficae.v.*® Since preliminary administration of the 
barbiturates is not only ineffective in preventing reactions which fol- 
low rapid absorption of the anesthetic agent but may actually decrease 
the lethal dose of the agent,*® it is all the more mandatoiy that every 
care be exercised to prevent injection into the blood stream or into 
tissues from which rapid absorption takes place. 

From these considerations and otliers one might make certain sugges- 
tions, manj' of which have been emphasized by other workers. 

1. Cocaine should never be given bj- injection. Urethral instillation of 
an anesthetic .shonld not be made in the presence of trauma. Procaine 
is probablj' the most satisfactory' anesthetic for infiltration or nerve 
blocking. 

2 All anesthetics should be used in as dilute solution as is sati.sfaelory; 
procaine sbould probably not be used in concentration greater than I 
e • cent. Except where specifically contraindicated, adrenalin should 
ahvaA's be xiscd in the anesthetic solution. Injections .should he made 
1 1' and Avith care to aA'oid in.iection into the blood stream; an anc.s- 

thSc should not be in.ieetcd directly into the pleural cavity; and e.v 
t me care should be e.vei'mod a.s to the quantity of the anesthetic used 
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in paravertebral injections. It should be kept in mind that the fatal 
dose may be less in elderly and very ill patients and those with poor 
circulation and reduced liver function. Large amounts of local anes- 
thetics should not be used in supplementing general anesthesia. All 
solutions should be properly labeled so that no mistake can be made as 
to what is being injected. 

3. One of the barbiturates should be used as preliminarj' medication. 
If a reaction occurs which seems predominantly eommlsive in character, 
and particularly if its onset suggests relatively slow absorption of the 
anesthetic, an intravenous uijection of one of the barbiturates should be 
made. Until something more specifically helpful is learned, those re- 
actions which come on rapidly and are associated with early collapse 
should probably be treated with intravenous injection of adrenalin and 
of one of the cardiorespiratory stimulants such as coramine or metrazol. 
If the pulse has disappeared, the injection should be made into the heart. 
If the respirations are compromised, artificial respiration and oxygen 
inhalation should be begun immediately. If a severe or fatal reaction 
occurs, an analysis of the anesthetic concentration in the blood should 
be carried out. 
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THE JIOBILIZATION AND DEPOSITION OE BONE CALCIUl^I 
BY ELECTROLYSIS 

A Prelimixary Report 

Carl W. Walter, M.D., KAller K. Vax Slyke, SLD., 

AKD Charles Hupxagel, M.D., Boston', SIass. 

(From the Laboratory for Surgical Research, SarvanI Medical School) 

T he effect of eleetrolj'sis on bone has not been reported in recent 
medical literature. The following observations indicate that elec- 
trolytic action can modify tissue response about an electrode in contact 
OTth bone. 

Two platinum bands were wrapped subperiosteally around the femur 
of an anesthetized rabbit. The bands were 2 mm. wide and were appbed 
snugly to the cortex about 1 cm. apart. Their free ends were insulated 
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Fig. 1.— Femur illustrates mobilization of calcium from cortex underlying the posi- 
tive electrode with deposition of calcium about the electrode. Ulna and radius show 
mobilization of calcium post mortem without redeposition. 


with ruhher and left projecting from the wound. During the fifth to 
eighth postoperative days a volt battery was comieeted to the 
hands for a total of about twenty-four hours. The rabbit was then 
sacrificed. 

E.xamination of the excised femur revealed a shell of calcium-contain- 
ing material bridging tlie positive electrode. The cortical bone at either 
end^ tliis sliell was roughened ])y adherent granular masses similar to 
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early calcium deposition in callous about a fracture. When the positive 
platinum band was removed, parallel troughs 1.5 mm. wide were noted 
encircling the l)one. These depre.ssions corresponded roughly to the edge 
of the band. The cortex beneath the electrode was furrowed and rough. 
There was no gross reaction about the negative electrode. 

Roentgenologic examination revealed transverse bands of decreased 
density underlying the region once occupied by the positive electrode. 
When seen tangentially, these bands appeared as distinct depressions 
in the cortex. A bridge of opaque material spanned the area described. 

Control experiments showed that the electrodes themselves did not 
produce the changes described. The passage of current throiigh elec- 
trodes applied loosely to bone pi’odueed no effect, indicating that the 
response is dependent upon the mobilization of calcium from the hone. 
Electrolysis mobilized calcium from the bone post mortem, but deposi- 
tion in the dead soft tissues did not occur. 
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HYPERTENSION AND DNILATERAL RENAL DISEASE 
Review of the Literature axd Report of 16 Cases 

BeKJAJIIX S. AbESHOUSE, M.D., BAUTIilORE, Md. 

(From the Urological Service, Sinai Hospital) 

(Continued from the June issue) 

III. Vascular Lesioks Affectikg the Kidxey.- — A revie%Y of the 
literature reveals many pathologic reports of cases in. which renal 
ischemia was produced or considerably influenced by lesions affecting 
the patencj’ of the large and smaU renal arteries and the adjacent por- 
tion of the abdominal aorta. An accurate diagnosis is seldom made 
during the clinical course of these diseases but is usuaRy established 
after post-mortem gross or microscopic study. The relationship of hy- 
pertension to the various vascular lesions has not been defined. In most 
instances renal ischemia of a localized or generalized may ensue, 
but the pathogenesis of the hypertension in the given case may remain 
conjectural. 

It is not my intention to participate in any controversial issues con- 
cerning the relation of hypertension to renal arterial disease hut rather 
to relate in a chronological order pertinent facts and obsers’ations of 
the various investigators in oi-der to estabRsh a clearer understanding 
of the relation of hypertension to renal arterial disease. As early as 
1836, prior to the development of blood pressure determinations, Rich- 
ard Bright, in his classical work on chronic interstitial nephritis, pointed 
out the relation of renal disease to cardiac hypertrophy (i.e., hj-per- 
teusion) and recognized the thickening of the renal arterioles but did 
not emphasize the importance of physical changes in this process. It 
remained for Gull and Sutton in 1872 to demonstrate the occurrence 
of widespread organic disease of the smaller arteries, arterioles, and 
capillaries of the kidney, which they designated as “ arteriocapillary 
fibrosis” and to consider these changes as the cause of hypertension and 
cardiac hypertrophy. In 1873, Johnson proposed a theorj' that the 
renal disease was primary uith subsequent diffuse thickening of the 
walls of the smallest arteries leading to increased peripheral resistance, 
hypertension, and cardiac hypertrophy. Seven years later Ziegler first 
demonstrated the dependence of some forms of renal atrophy on arterio- 
sclerosis of the larger renal arteries (arteriosclerotic contracted kidney). 
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Cl edit is due Jores in 1904 for first differentiating such foi’ms of renal 
atrophy which were commonly called chronic interstitial nephritis but 
which were actually caused by arteriosclerosis of the smaller renal 
blood vessels. Four years later Jores advanced the theory that the dif- 
fuse fine granular kidney in chronic interstitial nephritis was also of a 
vascular atherosclerotic origin and that this type of renal atrophy was 
always accomjianied bj’’ a marked hypertrophy of the left ventricle. 
Allbutt and Huchard stressed the frequent occurrence of high blood 
pressure in the absence of clinicalty significant changes in the kidneys 
and arteries. Since then the literature has become replete with numer- 
ous articles dealing with hypertension and vascular lesions of the kid- 
neys under the following headings : arteriolar sclerosis, nephrosclerosis, 
essential benign and malignant hj'pertension, etc. Despite this volumi- 
nous literature relatively little is known of the etiology of the pathologic 
process involved or of the pathogenesis of hypertension in the various 
inflammatory lesions involving the smaller arteries of the Iridnej’’, except 
that renal ischemia may develop as a result of the obliterative changes 
in the wails of these vessels. 

Crabtree and Chaset recently undei’took to correlate hypertension and 
renal vessel changes in a series of 150 nephrectomies for severe uni- 
lateral renal lesions. They were unable to establish a sufficient corre- 
lation between the two above conditions, since the number of eases 
with hypertension (14 cases) were too few in comparison with the large 
number which showed renal vessel damage. After a careful study of 
1,500 pathologic sections, they classified the kidne.ys on the basis of 
vascular changes in major portion of the kidney. In the entire group, 
58 cases showed definite renal vessel changes. In the infectious group 
of 99 cases, which comprised 66 per cent of the total group, renal vessel 
changes "were found in 46 cases (79 per cent). The incidence of renal 
vessel damage in the group of chronic pj'elonephi'itis with hydrone- 
phrosis with or without nephrolithiasis was 49.3 per cent as compared 
with 42.8 per cent in chronic pyelonephritis with contraction. It is 
interesting to note that no alteration in tlie renal vessels was found in 
3 cases with hypertension. 

A. Arteriosclerotic Kidney . — Allhntt attempted to clarify the con- 
fused situation which attended the clinical group, “hypertension, kid- 
2 iey disease, arteriosclerosis,” and proposed the following classification: 

1 JJyperpiesia : cases in which hijih blood prc.wuro dominated the clinical 

picture with little or no renal involvement 

2 Bright’s disease: in which true ren.al di.«casc occurred with or without 

Ipyiertension 

qcent arteriosclerosis: in which the senile atheromas of the largo 

^ ^'^Ttwies occurred, hut not necessarily as.-ociated with Iiigli hlood pres- 
" or accomp.anied by any significant enlargement of the heart 
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The latter group must be differentiated from the arteriolosclerotic (or 
primai’y contracted or hypertensive) kidney vdiich is accompanied by 
marked enlargement of the heart and a very high blood pressure. How- 
ever, he failed to recognize or include cases of primary hypertension 
with renal insufficiency. The differentiation between primary hyper- 
tensive conditions existing with and without renal insufficiency and .the 
recognition of pathologic criteria of two tj'pes of vascular renal disease 
corresponding to these two clinical forms were established bj’’ Volhard 
and Fahr. They considered only arteriosclerosis to be associated with 
simple or benign hiTier tension; whereas, a combination of atherosclerosis 
with inflammatory renal changes was believed to be responsible for the 
malignant form of hj^pertension (the so-called “ Komhinatioiis Form”). 
Subsequent contribution to the various phases of arterial and arteriolar 
changes were made by Herxheimer, Lohlein, Fahr, Volhard, and others. 

It is generally agreed that a reciprocal relationship exists between 
hj’pertension and renal arteriosclerosis, but the question as to whether 
hypertension is the cause or the result of renal arteriosclerosis remains 
a moot one. Renal arteriosclerosis may involve the large and small 
arteries and arterioles, but in some cases the predominant changes 
occur in the arterioles, and in other cases in the larger interlobular 
arteries. Involvement of the arterioles alone is a rare phenomenon 
according to Kimmelstiel and "Wilson. The preponderance of clinical 
and pathologic observations lends support to the Nuew of Aschoff, Fahr, 
and Kimmelstiel that hypertension serves as an accelerating factor in 
the development of arteriosclerosis. 

B. Localized Arteriosclerotic Disease of the Renal Arteries. — In the 
Harvey Lecture of 1938 Goldblatt stated that in a few cases of hj^per- 
tension without arteriosclerosis, severe sclerosis and narrowing of the 
orifice or lumen of the main renal arteries or the larger extrarenal 
branches maj^ occur and produce renal ischemia. Our knowledge of 
the relation of hypertension to localized arteriosclerotic changes in the 
renal arteries has been greatly enhanced by the contributions of Leiter, 
Blackman, Oppenheimer and associates, Stewart, and others. Leiter 
reported a case of chronic hjqpertension associated with arteriosclerotic 
occlusions of the main renal arteries, renal insufficiency, retinal arterio- 
sclerosis, and contracted kidneys. Blackman studied the pathologic 
changes in the renal arteries in 50 cases of essential hj'pertension as 
compared with a control sei-ies of 50 nonhj*pertensive patients balanced 
as to age and sex incidence. Narrowing of the main renal arteries at or 
near the aorta was found in 86 per cent of the hypertensive subjects. 
The narrowing was quite pronounced (i.e., almost total occlusion in 54 
per cent; of a loss pronounced degree, i.e., constriction of lumen to 1.5 
mm. or less in 32 per cent; and no .significant constriction -was obseiwed 
in 14 per cent). On the other hand, appreciable narrowing of the main 
renal arteries was found in only 10 per cent of the control series. 
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Oppenlieimer, Klemperer, and Mosehkowitz observed hypertension in 
15 (83 per cent) of 18 cases of unilateral narrowing of the renal artery 
and found arteriosclerosis and arteriolar sclerosis of the kidneys in eacli 
of the 15 cases. The relative frequency of hypertension was gi'eater 
in this specific type of unilateral renal disease than in the two other 
types studied; viz., 32 per cent in unilateral hydronephrosis (with 
chronic pyelonephritis) and 23 per cent in unilateral congenital hypo- 
plasia. They were of the opinion that the intrarenal arterial changes 
preceded the arteriosclerosis of the main renal arteries. Fiulliermore. 
arteriosclerosis of the aorta was present in 13 of the 15 cases with 
hypertension which compared favorably with the high incidence of 
hj^pertension (60 per cent) in 100 control cases of arteriosclerosis of the 
aorta. 


Stewart recently described a case of severe hypertension in a 37-year- 
old male due to arteriosclerotic narrowing of the orifices of the renal 
arteries. The kidneys show’ed marked atrophy and histologic changes 
suggesttye of chronic glomerular nephritis but no signs of arteriolar 
sclerosis. A fatal ease of hjqjertension caused by a large localized 
ai'teriosclerotic plaque narrowing the orifice of the renal artery of a 
solitary acquired kidney in a 57-year-male was reported by Freeman 
and Hartley. The other kidney had been removed two years previously 
following a rupture and was histologically normal. Saphir and Bal- 
linger recently reported 3 cases of severe arterial hypertension secondary 
to unilateral stenosis of the orifice of the renal artery with consequent 
ischemia of one kidney. In 2 of these cases autopsy revealed unilateral 
malignant nephrosclerosis in the contralateral kidney. 

C. Arferiolosclerosis of the Kidney . — There is a unanimity of opinion 
concerning the fact that renal arteriolosclerosis is the cause of hyper- 
tension despite the fact that rare cases of renal arteriolosclerosis without 
hypertension have been reported by Lohlein, von hlonakovq Fahr, and 
Kimmelstiel. The incidence of renal arteriolosclerosis in cases of cardiac 
hypertrophy with hypertension is A'cry high; the figures vary: .90 per 
cent (Bell and Claw’son), 97 per cent (Herxheimer and Schulz), and 
100 per cent (Fishberg). Kimmelstiel and Wil.son have pointed out tiiat 
these figures are based on the quantitative estimation of arterial damage 
and hence are open to question. They maintained that Ic.ss than 50 
per cent of the cases sliow a completely diffuse arteriolosclerosis. They 
believed that Goldblatt's experiments may be considered as j)ositivc 
evidence in support of the contention that obstruction to kidney circu- 
lation is a primary factor in the production of hypertension. 

Volbard and Fahr propo.sed a ela.ssification of hypertension based on 
the decree of arterial and arteriolar changes in the kidney. They de- 


signated as: 

1. Essential Hypertension. 


ca.ses in which renal vascular chaiivcs arc 


absent. 
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2. Benign Nephrosclerosis, eases in which In-pertension is secondary 
to arterial and arteriolar sclerosis. 

3. lyialignant Nephrosclerosis, cases characterized hy specific arterial 
lesions in the kidney, namely productive endarteritis and necrotizing 
arteriolitis. 

Later Fahr designated a suhgimip of henign nephrosclerosis charac- 
terized by focal glomerulitis and elevated nonprotein nitrogen in the 
blood as a decompensated form of benign nephrosclerosis. 

This classification appeared to be inadequate because of its failure 

(a) to reconcile the clinical and pathologic findings in the three groups, 

(b) to explain the borderline eases, and (c) to account for the charac- 
teristic arterial changes being present in other conditions; i.e., con- 
tracted pyelonephritis, dift'use glomerulonepln-itis, etc. The need for 
accurate histologic criteria consistent with the various clinical states 
and for a closer correlation between the degree of renal impairment 
and pathologic changes soon became apparent. As a result of an in- 
tensive clinical and pathologic studj', Kimmelstiel and Wilson have 
proposed several modifications of this classification wliich have received 
popular recognition. They maintained that benign hypertension and 
benign nephrosclerosis may show a parallel development but in the early 
stages are not etiologically related and in the later stages exhibit a re- 
ciprocal relation. They believed that malignant hypertension and malig- 
nant nephrosclerosis show a definite correlation and considered malig- 
nant hypertension as a primary generalized vascular disease of which 
the malignant nephrosclerosis of Fahr represents the “renal end stage.” 
They regarded endarteritis in its diffuse form as the most characteristic 
histologic sign of malignant hypertension. Arteriolitis (arteriolar ne- 
crosis) is more closely related to terminal renal failure than to hyper- 
tension per se. As the result of a study of the relation of periarteritis 
nodosa to malignant hypertension, they suggested that two factors are 
necessary for the development of malignant hypertension; namelj', 
pre-existing hyperactirtty or sensitivity of the arteries on which is 
superimposed a precipitating factor, allergic or otherwise. 

Jforitz recorded 3 cases with essential hypertension and renal arterio- 
lar sclerosis in which the lesion was limited to one kidney. Weiss, 
Parker, and Robb described a case of unilateral bleeding in a 27-year-old 
male which was diagnosed preoperatively as a malignant tumor of the 
kidney. At operation, sixty-seven days before death, the kidney was 
removed and a diagnosis of malignant nephrosclerosis was made. A 
comparison of the sections of both kidneys showed a striking increase 
in the extent and severity of the productive endarteritis in the non- 
operated kidney during this interval. 

D. Thromhoxis and EmhoUsm of Bcnal Arferics.— Little is kmown of 
the role of thrombosis of the renal artery in the production of hyper- 
fension. Welty recently analyzed the clinical features of 11 cases of 
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renal artery thrombosis which is so frequently mistaken for an acute 
abdominal catastrophe. Hypertension was present in every ease. It 
is likely that the hypertension may be of the transitory type in the 
early congestive stage of renal artery thrombosis or entirely absent when 
acute total suppression of urine results from the thrombosis. Hyper- 
tension may develop in the later stages of renal artery thrombosis or 
embolism when ischemic changes in the kidney develop subsequent to 
occlusion or canalization of the affected artery. The relation of hyper- 
tension to thrombosis and embolism of the renal artery mil undoubtedly 
be clarified when more is luiown of the late or delajmd effects of sucli 
vascular lesions upon the kidney. 

Fishberg noted the development of a transitory h 3 'pertension asso- 
ciated with embolism of the renal artery in a patient admitted with a 
diagnosis of m.yocardial infarction. The blood pressure remained about 
100/60 mm. for two weeks until tlie patient developed the classical 
picture of infarction of the left kidnej'' "when the blood pressure rose 
to 155/108 mm. The blood pressure remained at this high level for five 
days and then gradually declined to the previous level. 

E. Infarct of the Kidney . — A review of the literature reveals a dif- 
ference of opinion regarding the effect of renal infarct upon the pro- 
duction of hypertension. Experimental evidence fails to substantiate 
the claim that renal infarction due to multiple emboli gives rise to hyper- 
tension. This is confirmed by the negative results reported by Senator 
in 1911 following the injection of liquid paraffin into the renal arteries; 
by Cash in 1924 following injection of insoluble Berlin blue and by 
Apfelbaeh and Jensen in 1911 following injection of charcoal particles. 
The clinical evidence supporting this contention is likewise scant. 
Boj'd and Lewis described an unusual case in which a large infarct 
of the right kidney was found during a bilateral exploratorj" operation 
for a questionable adrenal tumor in a man aged 31 j'ears. Six months 
after right nephreetomj^, the blood pressure had decreased from 200/120 
mm. to 124/84 mm., but the changes in the e.ve grounds persisted. They 
believed that the arterial disease present in tlie right kidnej’ was re- 
sponsible for the hypertension and the infarct was of secondary im- 
portance. Young mentioned a similar case but gave no details. Hoxie 
and Coggin reeentlj' reviewed 205 cases of renal infarction and found 
the blood pressure to be above 140 sj’stolic and 90 diastolic in 34 per cent 
of the patients but staled that in no instance could it be proved that 
the hj'pertension w’as due to the renal infarction. 

Pathologic studies of infarcted kidneys not infref|ucntly reveal arlc- 
■iolar changes in the tissues adjacent to the infarcts whieli lends cre- 
e to the belief that antecedent or pre-existinv arterial di.sease is tlie 
• - factor responsible for the liypertension in ca.scs of renal in- 
pnmai.'^^^‘^ of .spasm in the production of (he arteriolar changes 
11 the infarct is discus.sed elsewhere. However, Kiissell demon- 
as wel the vicinity of acute renal infarct.s. Klemperer 
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and Otani observed necrotizing arteviolitis in the pevipliein of aseptic 
renal infarcts and attributed these changes to ischemia. Kimmelstiel 
and '\Yilson found similar glomerular and arteriolar changes in the 
same location but believed that these changes were the result of the 
action of diffusible toxins produced by the breakdoven of the kidney 
tissue. They suggested that toxic and ischemic factors may combine to 
produce the alterative glomerulitis present in these cases. 

Oppenheimer and his associates observed t\s'o patients vho developed 
hypertension after they presented symptoms of renal infarct. One ease 
terminated fatally and at necropsy a veiy large anemic infarct vas 
found in one kidney and a mai-ked congestion in the other kidney. 

F. Spasm of ihe Renal Arteries . — Although the role of spasm of the 
small arteries and arterioles in the development of hypertension has 
not been definitely established, it appears that the degree of renal 
ischemia resulting from angiospasm of the renal arteries and its in- 
fluence upon the subsequent development of hypertension are dependent 
upon the size of the spastic vessel and the duration of the spasm. Total 
infarction of the kidney infei-s complete ohsti'uction of the main renal 
artery and is accompanied by total arrest of secretion from the affected 
kidney. The acute pain ^Yhich accompanies these cases at the onset is 
due to the sudden tension of the renal capsule as a result of the acute 
hyperemia of the kidney. Intermittent spasm of the smaller arteries 
and arterioles may lead to localized areas of ischemia as a result of pai'- 
tial infarction, but determination of the extent of functional impair- 
ment may bo difficult or impossible. 

Fahr ^Yas the first to suggest the etiologie role of spasm in the develop- 
ment of renal arteriolar changes. Bell and Pedersen offered the follow- 
ing interesting hypothesis; Hypertension begins as a spastic condition 
of the arterioles, which in certain organs, such as the kidney, may lead 
to arteriosclerosis; thus a vicious cycle is set up where one condition 
aggravates the other. If infection supeiwenes. the renal arterioles and 
glomeruli may be severely damaged, as a fulminating hypertension with 
uremia develops. Kimmelstiel and AYilson are of the opinion that 
spasm alone does not cause arteriolitis, as evidenced by the fact that 
this lesion is absent in Raynaud’s disease and acute eclampsia. Klem- 
perer and Otani suggested that the endarteritis in larger vessels may 
producc endarteritis in corresponding arterioles, thereby producing 
arteriolar necrosis. They are in accord with Yolhard’s conception that 
a constitutional or acquired angiospastic factor plays a determining 
roie in the development of the endartcritic process. Prinzmetal and 
"Wilson ha% e shoun that the vasospastic process in maliernant hvper- 
tension is universally distrihuted. 

Yolhard distinquished a specific angiospastic group of lij-portensive 
cases in which the Iniicrtcnsion is not •‘renaUy conditioned”: lead 
poisoning of the kidnc\ and the kidney of toxemia of presnanev. He 
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renal artery thrombosis whieli is so frequently mistaken for an acute 
abdominal catastrophe. Hypertension was present in every case. It 
is likely that the hypertension maj”- be of the transitorj' type in the 
early congestive stag-e of renal artery thrombosis or entirely absent when 
acute total suppression of urine results from the thrombosis. Hyper- 
tension may develop in the later stages of renal artery thrombosis or 
embolism when ischemic changes in the kidney develop subsequent to 
occlusion or canalization of the affected artery. The relation of hyper- 
tension to thrombosis and embolism of the renal artery wnU undoubtedly 
be clarified when more is known of the late or delaj’^ed effects of such 
vascular lesions upon the kidney. 

Fishberg noted the development of a transitory hypertension asso- 
ciated with embolism of the renal artery in a patient admitted with a 
diagnosis of mj’^ocardial infarction. The blood pressure remained about 
100/60 mm. for two weeks until the patient developed the classical 
picture of infarction of the left kidnej^ when the blood pressure rose 
to 155/108 mm. The blood pressure remained at this high level for five 
days and then gradually declined to the previous level. 

E. Infarct of the Kidney . — A review of the literature reveals a dif- 
ference of opinion regarding the effect of renal infarct upon the pro- 
duction of hypertension. Experimental evidence fails to substantiate 
the claim that renal infarction due to multiple emboli gives rise to hyper- 
tension. This is confirmed by the negative results reported bj- Senator 
in 1911 following the injection of liquid paraffin into the renal arteries; 
by Cash in 1924 following injection of insoluble Berlin blue and by 
Apfelbaeh and Jensen in 1911 following injection of charcoal particles. 
The clinical evidence supporting this contention is likewise scant. 
Boyd and Leivis described an unusual case in which a lai’gc infarct 
of the right kidney was found dining a bilateral exploratory operation 
for a questionable adrenal tumor in a man aged 31 years. Six months 
after right nephrectomy, the blood pressure had decreased from 200/120 
mm. to 124/84 mm., but the changes in the eye grounds persisted. They 


believed that the arterial disease present in the right kidney was re- 
sponsible for the h.vpertension and the infaret w'as of secondary im- 
portance. Young mentioned a similar case but gave no details. Hoxie 
and Coggin recently reviewed 205 cases of renal infarction and found 
the blood pressure to be above 140 systolic and .90 diastolic in 34 per cent 
of the patients but stated that in no instance could it be proved that 
the hvpertension was due to the renal infarction. 

Pathologic studies of infarcted kidnc.vs not infrequently reveal arte- 
• tar changes in the tissues adjacent to the infarcts which lends cre- 
7° * to the belief that antecedent or pre-existing arterial disease is the 
. factor re.sponsible for the hypertension in cases of i-onal in- 
primai.' ^ spasm in the production of the arteriolar changes 

farct. 1 infarct is di.scu.sscd elsewhere. However, Bussell demon- 
as well in the vicinity of acute renal infarcts. Klemperer 

strated ^ om 
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others. The clinical and pathologic picture is further complicated bj 
the fact that obliterative endarteritis occurs in other diseases and or- 
gans; i.e., chronic nephritis, tuberculosis, syplulis, tumors, etc. In 
view of the definite relation which has been established between hyper- 
tension and the obliterative arteriolar lesions of chronic pyelonephritis 
and arteriolosclerosis bj’ recent clinicopathologic studies and experi- 
mental investigation, it is logical to assume that the obliterative lesions 
of these rare primary lesions of the smaller renal arteries may produce 
ischemic changes in the kidney and subsequently hypertension. W e may 
look forward to seeing more frequent reports of hypertension associated 
with primary obliterative lesions of smaller renal arteries in the im- 
mediate future. 

Volhard mentioned sj’philitie endarteritis as one of the causes of 
hypertension. Pishberg stated that hypertension may occur in the 
rare cases of amyloid contracted Iddney due to sj’philis and conceivably 
in rare sclerognmmatous form of renal syphilis. Bich noted hj'perten- 
sion in 12 of 19 eases of syphibtie nephritis. 

2. Tliromhoctngiifis Obliterans of the Kidney: Jaeger has described 
a visceral form of thromboangiitis obliterans in association with the 
typical vascular manifestations in the extremities. He demonstrated 
that the visceral lesions are characterized by thrombotic occlusion with 
organization and appear to involve the veins as well as the arteries. 
Leiter recently reported a unique ease of acute hj-pertension, with 
normal renal function, due to thromboangiitis of the smaller renal 
arteries in a tabetic patient. 

3. Periarteritis Nodosa: Periarteritis nodosa is a relatively uncom- 
mon vascular disease whose pathologic features were first described by 
Rokitansky in 1852 and whose clinical aspects were correlated by Kuss- 
maul and Maier in 1866. The chai’actcilstic sjTnptoms of this disease 
are fever, anemia, poljTnyositis, polrmeuritis, gastrointestinal disturb- 
ances, renal lesion simulating nephritis, retinal arterial changes, cere- 
bral manifestation simulating encephalitis, and hyper-tension. These 
symptoms are due to the widespread necrotizirrg and obliterating vas- 
cular lesions. The disease is of unlmowir etiology, but the natrrre and 
diifuseness of tire lesions suggest an irrfectious background. The chief 
pathologic change is a patchy destrarction of the media of the small 
arteries. Aneirrysmal dilatations may develop in the weakeired walls 
of the vessels, usrrally at the base of a brarrehing vessel. The lumen of 
the vessels is frequently narrowed or obliterated by the scars. 

The frequent involvement of the kidrrey iir this disease was fii-st em- 
phasized l)y (ii-uber who found renal changes in 71 per cent of the 108 
collected cases arrd later by Arkirr who forrnd renal changes iir 80 per- 
cent. The usual signs and symptoms of a renal lesion in this disease 
are stroimly sucuestivc of a nephritis which accounts for- the frequent 
ineoi-i-cet clinical diagnosis of “hemon-hagie nephritis.” In .several 
ca.scs the erroneous diagnosis of an “acute surgical kidrrey” (i.e.. per-i- 
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maintained that the changes which occur in the kidney of toxemia of 
piegnaney are due to toxic substances of extrarenal origin which cause 
excessive vascular spasm, resulting in some cases in tyiheal endarteritic 
changes in the vessels of the kidney and ultimately hypertension. The 
tubular changes in such a kidney are considered part of a general 
vasoconstriction. 

Some writers, particularly the Gennans, attach particular significance 
to the role of angiospasm in pathogenesis of various vascular distiui)- 
ances; i.e., cerebral apoplexj^ renal infarction, embolism, etc. Recent 
investigations on the pathologic substratum of renal infarcts tend to 
prove that an antecedent circulatory disturbance such as embolism is 
not an absolute prerequisite in the development of renal infarct. Ac- 
cording to Pahr a toxic spasm of tlie renal vessels of sufficient duration 
may lead to degenerative changes in the parencltyma varying from a 
localized area of ischemia to total cortical necrosis. On the basis of 
clinical and expei’imental investigations, Westphal maintained that a 
state of angiospastic ischemia may precede any apoplectic lesion and 
that in the kidney a temporary or brief ischemia may result from con- 
traction of the larger renal arteries and induce bloody extravasation in 
the form of a hemorrhagic infarct. In 1927 Neuberger reported a series 
of renal infarcts without demonstrable embolism and attributed their 
development to the occnrrence of parenchymatous lesions resulting from 
mild or transitory disturbances of the renal vessels. Jaffe was of Hie 
opinion that vascular spasm was responsible for t])e rare cases of renal 
and splenic infarcts in which changes in the walls of tlie arteries and 
veins cannot be demonstrated and the foramen ovale is closed. Weiss 
likewise reported a case of renal infarction occurring twelve days after 
an apoplectic stroke and accompanied l)y transitory speecli disturbance 
and rapid subsidence of the paresis. He attributed botli va.scnlar lesions 
to an angiospastic involvement of the blood vessels. 

G. Primary Inflammatory and Obliterative Lesions of the Small Rmud 
Arteries and Arterioles. — A review of the literature reveals very little 
data or observations on the occurrence of hypertension in prirnar.i' 
chronic inflammatory or obliterative disease of the small renal arlcvios 


and arterioles. 

1. Endarteritis Obliterans: Volhard has stated that in rare in.stniiees 
primary endarteritis may serve as the cause of an nngiopathic type of 
hjqierlension whieli is ••renally conditioned.” The very rare cases of 
orannlar kidney due to amyloidosis arc anollicr example of the aiipm- 
pathic type of renal hypertension. Tlie etiology of the various occhmivc 
vascular lesions of tlie kidney is not clearly defined but appears- to ho 
of an infectious or toxic nature. The obliterative process may he f m 
TPsntf of fa) the growth of tissue from or beneatli tlie iritima. (h) tim 
organization of a tlirombus. nr (e) ilie formation of adiie.sions hetween 
nt ivnll and tlie .surrounding tissues. At limes if may be e.\- 
tremely difficult to differentiate one type of vascular le.sinn from the 
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to control Weeding, repair tlie ■wound, and drain and conserve the 
tranmatized kidney. 

There are relatively few case reports of hypertension foUormig in- 
juries of kidney. The ease of Freeman and Hartley has heen previously 
mentioned. Neshit and Ratliff reported a case of hypertension asso- 
ciated with sclerotic and cystic nephropathy (ischemic) resulting from 
trauma. The patient, a male aged 32 years, had sustained a fracture 
of the right kidney ten years previously and nine years later developed 
signs of malignant hypertension. Following nephrectomy there was a 
marked improvement for five months followed bj* a progressive increase 
in the blood pressure. Pathologic studj’ disclosed a cyst and marked 
vascular changes in the capillaries, arterioles, and larger arteries. They 
maintained that if the hj^pertension resulted from the ischemic lesions 
of the injured kidney, its prolonged duration led to vascular changes in 
other parts of the body and rendered the condition beyond repair. 
Schroeder and Steele reported the occurrence of hjT)ertension in a 
ease in which the kidney was replaced bj* calcified cj’sts. The latter 
was classified as an obstructive lesion but in all probability belongs to 
the group of post-traumatic sequelae. 

Braasch, Walters, and Hammer observed hypertension in 2 cases 
following severe renal injury which was attributed to nephrosclerosis. 
These authors have emphasized the role of operative trauma and infec- 
tion as etiologie factors in hjqjertension. They reported 14 eases in 
which the blood pressme was normal prior to a consenmtive renal 
operation, but hj-pertension developed following operation. Each case 
presented evidence of reduced function and persistent infection follow- 
ing the conservative operation and after removal of the affected kidney 
the blood pressure returned to normal. Widespread tissue atrophy and 
vascular sclerosis were found in the removed kidneys. The conserva- 
tive operations or underlying condition for which such operations were 
performed included nephrolithiasis, nephrostomy, ureterolithotomy, 
nephropexy, ureterovaginal and vesicovaginal fistulas. They also ob- 
served that hypertension developed following transplantation of the 
ureters into the sigmoid in 2 cases. Postoperative urographie examina- 
tion revealed a functionless kidney on one side, and follon-ing the re- 
moval of the affected kidney, the blood pressure returned to normal. 

An important observation made by these authore was that a post- 
operative increase in blood pressure occurred more frequently following 
conservative operations for renal and ureteral lithiasis than other 
lesions. Hence they stress the advisability of considering nephrectomv 
in the presence of renal stone and extensive infection in order to cir- 
cumvent the possibility of subsequent development of sclerotic pyelo- 
nephritis with liMiortension. 

1 recently observed a case of postoperative hypertension develop in 
a male patient, 52 years of age, with a left renal calculus and left 
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nephiitid abscess, calculus, pj'onephrosis, neoplasm, etc.) -was made 
and explovator 5 ^ operation performed, the true diagnosis being made at 
necropsy. ^ Wever and Periy reported a case in which death foUo^Ycd 
an. operation for perirenal hemorrhage and collected S cases in which 
death was due to renal or perirenal hemorrljage. 

Bernstein found that hypertension was present in tlic majority of 
cases where the blood t)ressure was recorded. Spiegel observed hyper- 
tension in 9 of 15 cases. It is surprising that the incidence of hyper- 
tension is not greater in view of the generalized nature of the disease 
and the degree of A'aseular resistance offered bj^ such an extensive dis- 
ease process. It is difficult to evaluate the role of renal isclicmia in the 
develoioment of hypertension for, unfortunately, no data are available 
on the incidence of hypertension in cases with or without demonstrable 
renal changes. However, a review of literature reveals that hyperten- 
sion is an almost constant finding in cases with renal clianges. 

H. Trawnaftc Injuries of the Kidney . — There is little information 
available concerning the role of trar;matic injuries of the kidney in the 
pathogenesis of hypertension. Too frequently the attending surgeon 
or urologist focuses his entire attention on the immediate condition 
following the rupture and fails to consider tlie late sequelae of traumatic 
injuries of the Iddirey. In the minor or least serious types of renal 
trauma, such as contusions or small cortical, capsular or perincphritic 
tears accompanied by slight intravenal or cxtrarenal liemorrlmge, repair 
of the woiind is initiated early and progi’osses at a rapid rate, being 
fairly advanced after one week and the ultimate effect on the kidney 
function is scarcely detectable. However, in tlic more serious typos of 
renal injuries, such as parenchymal tears, fragmentation and rupture 
of the vascrilar pedicle accompanied by extensive hemorrhage in and 
around the kidney or Ijj' extravasation of urine, the degree of renal 
damage and dysfunction is commensurate Avith the amount of kidney 
tissue destroyed and the nature of the reparative process. Ordinarily 
connective tissiie fills in the spaces betAveen tlic torn cdgc.s of Uic Avonnd, 


biAi in scA'cre injuries a variety of pathologic changes may occur m 
and about the kidney long after the primary injury and load to renal 
ischemia or serious impairment of renal function. Among Ihe.so clianges, 
Avhich may appear singly or in combination, are included: fibrosis, 
necrosis, infection, hydronephrosis, calculi, cystic degeneration, calci- 
fication," thrombosis, infarction, constriction of blood supply, porinc- 
nhritis'duc to bcmorrliagc, extravasation, or infection, etc. One cnrmof 
emphasize too strongly the value and importance of early .surgicni 
friteiTcnrion in cases of extensive injuries to the kidney in order to 
AAvevent development of .sueb degenerative lesions whioli may eaiise 
^ • c nncrmneiit or irreparable damase. imimirnient of mial rmirlmn, 

,ermus I be borne in mind Ibat surgical inter- 

"ventto ibM v>«l 
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■with chronic eardiovascnlar disease or acute infection. Hypertension 
was a prominent feature in the majority of about 150 cases in the litera- 
ture. Ronald and Leslie recently described a case in a 43-year-old male 
who had a hypertension of 260/140. At autopsy the thrombosis of the 
abdominal aorta was accompanied by two infarcts of the left Iddney, 
complete thrombosis of the left renal artery and partial thrombosis of 
the right renal artery, and bilateral arteriosclerosis of the kidney. 

2. Goarctaticm of the Aorta: Hj-pertension is also frequently ob- 
served in coarctation of the adrta. Rytand maintained that the eleva- 
tion of blood pressure in patients with coarctation of the aorta is due 
to the action of pressure substances formed in ischemic kidneys as a 
result of interference with the blood supply of the kidney. The latter 
change is attributed to an increased resistance in the smaller vessels 
(arterioles) which receive blood from the aorta proximal to the stenosis 
at its isthmus. This is substantiated by animal (rat) experiments; 
viz., partial constriction of the aorta proximal to one or both renal 
arteries leads to hypertension, whereas the same type of constriction 
plus simultaneous bilateral nephrectomy does not result in hypertension. 

3. Aneurysm- of the Aorta: Hj^jertension has been reported in cases 
of saccular and dissecting aneurj’sms of the abdominal aorta and aortic 
arch. These pathologic lesions may cause serious impairment of the 
blood supply to the kidney, depending upon the point of oi’igin and 
the size of the sac. Hamburger and Ferris obsem’ed high blood pressure 
in onlj" 1 case in their series of 6 cases of dissecting aneurysms and 
commented upon the fact that while most observers consider high blood 
pressure to be a typical finding in this condition, they found the blood 
pressure to be nonnal or the patient to be in a state of peripheral cir- 
culatory collapse on admission. Bucklej’ recently reported two cases 
of hematuria associated 'tt’ith dissecting aneurysms of the abdominal 
aorta. Hypertension was present in both cases. In 1 ease ruptui-e 
of the aneurysm had occurred and shock, hematuria, and fluctuating 
blood pressure were the cardinal sjTnptoms. 

TV. Neoplasms of the Tudney and Adrenals. — 

A. Kidney Tumor in Adults. A review of the literature reveals 
relatively few references to the oecurreuee of hypertension in cases of 
renal or adrenal neoplasms. In 1898 Ncusser was the first to em- 
phasize the association of hypertension with hypernephromas, particu- 
larly of the adrenal gland. Subsequent contributions to this phase of 
the subject were made by Oppenheimer and Fishberg, Braasch and 
flrifTm, and others. In their scries of 101 cases of primary urinary 
tract pathology associated with hypertension, IMaher and Wosika en- 
countered only 2 cases of renal tumors. 

Braasch and Griffin studied the blood pressures of 40 patients oper- 
ated upon at the 'Mayo Clinic for renal neoplasm and found the blood 
pre.ssurcs were within normal limits in 26 eases and increased in 14 cases. 
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lij^droiiephrosis and a preoperative blood pressure of 140/90. Follow- 
ing opei’ation, which consisted of nephrolithotom}’’, a Pole 3 ’ plastic re- 
pair of the pelvis and a Deming nephropexy, the patient had a stormy 
convalescence complicated by a fecal fistula and acute pyelonephritis. 
Seven months later the patient had developed a hypertension of 180/110. 
Pj^elography revealed a small well-heaied pelvis with pyelonephritic 
changes in the calyces. Nephrectomy was advised but refused. 

I. Compression of Renal Vessels by Intrinsic or Extrinsic Lesions . — 

There are relatively’- few- reports in the literature of hy’pertension asso- 
ciated with constriction of the renal arteries by intrinsic or extrinsic 
lesions of the renal arteries. Leadbetter and Burkland reported a case 
of marlted hypertension (160 to 220 mm. sy’stolic) of five years’ dura- 
tion in a 5%-year-old boy. The blood pressure returned to normal 
(96/70) following the removal of an ectopic kidney’-, whose main renal 
artery’- was nearly^ occluded by' a smooth muscle tumor in the wall of the 
artery'. Blatt and Page reported a case of hy'pei’tension in which the 
main renal arteries of both kidney's -were constricted throughout their 
entire course by' a retroperitoneal ly'mphosarcoma involving the kid- 
ney's, ureters, adrenals, abdominal aorta, and inferior vena cava. There 
rvas a moderate hydronephrosis in both kidneys due to constriction of 
both ureters. It appears that more than one factor may he respon- 
sible for the hy'pertension in each of the above cases. In the former, 
the anomalous position of the kidney' was accompanied by abnormalities 
in the course, position, and size of renal vessels, which may have im- 
paired the renal circulation and produced ischemia. In the latter, the 
bilateral hy'dronephrosis and evidences of an early glomernloncphritis 
■W’ere present. 

Aneury'sm of the renal artery is an extremely' rare condition which 
may' interfere with the renal circulation Avith resulting ischemic changes 
in the Iddney'. In an occasional case the aneurysm of the main renal 
artery' may obstruct tire outflow of urine, causing increased bacli pres- 
sure and hy'dronephrosis. Aneurysms of an intra- or cxtrarcnal hraneh 
of the renal artery may' produce pressure on one or more cniyccs, re- 
sulting in hy'drocalicosis and even stone formation. One] and Valencia 
observed a case of renal anenry.sm in a patient with repeated gravidic 
nephropatliies and persisting hypertension, lloward, Forbes, and Tiip- 
scomb recently reported a ease of aneurysm of the left renal artery in 
a 5-vear-old child ■n'ith persistent hypertension aueccssfully ti-oa(cd by 


icphrectomy'. 

J. Miscellaneous rnscular Lesions.— 

1 Thrombosis of AUowml Aorta; Hypertension has hemi recorded 
nf rare primarv vasenlar Ic.sions of the norla which produce 
” ' VlZLKx se’eondarv cha,mes in the kidncy.s or the renal 
Som 0 is of the abdominal aorta is a rare but invariably 
in nu.»ay p»r,. nn,, i, 
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adrenal secretion in two tumors and obtained similar results in a subse- 
quent examination of three other renal adenocarcinomas, employing 
his new chemical method for determining the amount of adrenal coi’tex 
secretion. 

Dean found that hjqjertension occurred in practically every one of 
a small group (approximately 10 cases) of papillary tumors of the 
kidney pelvis and ureter in which obstruction, infection, and destruc- 
tion of the renal parenchyma were marked. There was no reduction 
in the hypertension foUou-ing operation. 

Braasch, IValters, and Hammer observed hypertension in 6 cases of 
epithelioma of the renal pelvis, and following nephrectomy, the blood 
pressure returned to normal in only 1 case. 

It is surprising to note that little or no reference was made in any 
of the above articles to the possible role of ischemia in the production 
of hypertension in cases of renal neoplasms. Obviously, varying de- 
grees of renal ischemia may occur as a result of vascular changes piu- 
duced within tlie Iridney in' the tumor. These changes may manifest 
themselves in anj' of the following ways : (a) compression of the blood 
vessels in the renal parenehjTna adjacent to the tumor; (b) compression 
of the vascular pedicle by the tumor; (c) compression, distortion, or 
angulation of the vascular pedicle by the displaced kidney; (d) vas- 
cular changes in the parenchj-ma induced by infiltrating tumor tissue; 
(e) thrombosis of the large or small renal vessels of one or both kid- 
neys due to infiltration by tumor cells or to stasis. Undoubtedly future 
studies of renal tumors will throw some light on the relation of the 
pathologic features of the tiunor to hj'pertension. 

There are no data available at present to suggest any relation between 
hypertension and the development of recurrences or metastases from 
primary renal carcinomas, including hypernephroid tiunors in adults 
or seeondaiw metastatic nodules in the kidney from neoplasms else- 
where in the body. However, there are some data on hand concerning 
the relation of hypertension to recurrences and metastases in ATilms’ 
tumors. In 1938 Bradley and Piiicoffs reported 5 consecutive eases of 
Wilms’ tumor accompanied by hypertension and obsen’ed that in 2 
cases the blood pressure decreased following nephrectomy but rose again 
after recurrence of the tumor. 

C.\SE 14. — (G. U.. Ko. S96.) W. T., .^2 years of age. white, male, marrieO, busi- 
ness exeeutive, was ailmittcd to the Sinai Hospit.al on Mar. 21, 1930. complaining of 
licmaturia. The patient had been in good health until four years before vhen he 
had pa?5cd blooil for the first time. Ilematuri.a recurred six months and again 
six days before admission. There were no other urinarj- sj-mptoms present. 

.Abdominal cxamimition revealed a palpable, but not tender, right kidnev. Ex- 
amination of the urine revealed a faint trace of albumin and many red blood cells, 
and a moderate number of pus cells. His blood urea was 39.55 nig. per cent. On 
cystoscopy blood was seen escaping from the right ureteral orifice."' Pyelogram re- 
vealed compression and elongation and partial obliteration of the lowei and middle 
major and minor calyces. .V diagnosi.s of renal neoplasm was made. 
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In several cases the hypertension was present for several years prior 
to the onset of symptoms. They believed that the hypertension in these 
cases was of the essential type. Following the removal of the kidney 
tumor , the blood pressure remained stationary in most cases and shoved 
a slight decrease in a comparative^ few eases. In the same clinie 
Horton and Morlock compared tire hypertension occurring in eases of 
hypernephroma with that in other types of renal tumor brrt failed to 
find an increased incidence in hypernephroma or any difference in 
postoperative reduction in blood pressure. A systolic blood pressure 
of more than 200 mm. of mercury was present in 4 patients who were 
living five years after operation. Based upon the above reports, Braaseli 
and Griffin concluded that hypertension was of little prognostic signifi- 
cance in renal neoplasms. 

Subsequently Braasch, Walters, and Hammer reported 38 instances 
of hypertension (27.7 per cent) in a series of 137 adenocarcinoma of 
the kidney, including hypernephroma. They attached much significance 
to the factor of age in explaining the high incidence of hypertension 
in this group, since 87 (63.5 per cent) of these patients were 50 years 
of age or more. The ])ostoperative course of 43 patients operated upon 
for hypernephroma was carefully studied. Preoperative hypertension 
was present in 21 of these cases. Following operation the blood pres- 
sure returned to normal in 9 cases, was temporarily reduced but sub- 
sequently became elevated in 3 cases, and was uninfluenced in 9 eases. 

Crabtree and Chaset reported 6 cases of liypernephroma with pre- 
operative hypertension. Follorving nephrectomy there was a slight 
improvement in blood pressure in only 1 case. They observed that a 
higher degree of hypertension usually occurred in cases of hyper- 
nephroma as compared to other severe unilateral renal lesions and at- 
tributed this change to the age factor. 

Neusser advanced the theory that hypertension in cases of ]iyi)er- 
nephroma was caused by the absorption of some secretion from the 
tumor cells of suprarenal origin. Braasch and Griffin pointed out that 
there are clinical evidences of other abnormalities in the vascular sys- 
tem; i.e., fever, increased pulse rate, and telangiectasis, which may be 
attributed to the absorption of some specific substance. These absoi'i)- 


tive vascular phenomena are not to be confused with vascular clmngc.s 
resulting from mechanical obstruction of the venous circulation I).v tlic 
tumor; i.e., varices of the abdominal rvall and legs, left -sided varicocele. 
There are conflicting reports concerning the results obtained by chem- 
ical e.xamination of renal tumor ti.s.sue for adrenal cortical elemenl.s 
which might be responsible for the hypertension as well as other .symp- 
toms • i.e." fever, pigmentation of skin, and changes in blood voliitne. 
In 1931 Bowntr’ee, Greene, Swingle, and Pfiffncr made biologic a.s.say.s 
nf bypemephroid tumors and found the cortical hormone (adrenal 
f V o-rtroctl to be comparable in amount to that prc.serit m tlie 
uoLal adrenal corte.x. In 1932 Kendall failed to find any evidence of 
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the hospital about eight months previouslv for treatment of diabetes mellitus. The 
patient was put on dietary treatment with insulin, but he failed to carry out this 
regime carefully. He had lost considerable weight and was extremely weak. The 
patient also complained of diurnal frequency and nocturia with occasional dysuria. 
About five months before, he had had hematuria which recurred on the afternoon 
prior to admission. 

Physical examination revealed the patient to be thin and emaciated. Heither 
kidney was palpable, but tenderness was present in the left upper and lower 
quadrants. Cardiac hypertrophy was present. The blood pressure was 220/110. 
Ophthalmoscopic examination showed fairly well advanced hypertensive changes. 
Urine showed lA sugar and many red blood cells. Blood urea was 3S.35 mg. per 
cent; blood sugar was 244 mg. per cent. Cystoscopy and pyelography were per- 
formed and a diagnosis of left renal neoplasm (hypernephroma) was made. X-ray 
studies of the chest and long bones failed to reveal any evidences of metastasis. The 
patient’s diabetic condition was regulated by dietary regime and insulin therapy. 
On July 1, 1932, a left nephrectomy was performed under spinal anesthesia. Tlie 
patient made an uneventful recovery and was discharged from the hospital on 
Aug. IS, 1932. 

Following his operation, tlie blood pressure gradually fell and remained at 
1G2/88. The patient returned to his family physician for observation and treat- 
ment of his diabetic condition. For the next eight months his blood pressure re- 
mained stationary at the above level. About July, 1933, the patient died suddenly 
of cardiac failure. 

The pathologic specimen showed a large, irregular nodular tumor occupying the 
upper two-thirds of the kidney. The tumor was only partly encapsulated and in 
several areas appeared to infiltrate the surrounding kidney tissue. The vascular 
pedicle contained no tumor infiltration. Histologic study revealed an alveolar type 
of hj-perncphroma. Acute and chronic inflammatory changes were found in the 
presumably normal kidney tissue and the blood vessels in the same area showed 
only scant changes (grade 1+). 

B. Kidney Tnmors in the Young . — Daniel has recently made a com- 
prehensive study of the hypertensive factor in 18 cases of Wilms ’ tumor 
in children between the ages of S months and 9 j’cars. For children of 
this age period he considered a sj’stoiic blood pressure below 10 mm. 
of mercuiy as normal, 110 to 125 mm. as moderatelj' elevated, and 
above 125 mm. as extreme elevation. Using these criteria, he foimd 4 
cases with normal blood pressure, 6 with moderate elevation, and 8 with 
extreme elevation. Braascb, Walters, and Hammer observed definite 
hypertension in 5 of 18 cases of Wilms’ tumor. One maj' infer from 
these findings that hypertension is a frequent but not constant finding 
in cases of Wilms’ tumor. 

Koons and Ruch recently reported a case of hypertension in a 7-year- 
old girl with a Wilms' tumor of the left kidney relieved by nephrectomy. 
The in-coperativc blood pressure was 190/155 and on the eleventh post- 
operative day was llG/76. Subsequent postoperative findings were un- 
fortunately not recorded. 

Daniel maintained that the hypertension of these cases was the result 
of renal ischemia, produced mechanically by the tumor, thus differing 
from Bradley and Pincoffs who attributed the elevated blood pressure 
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On Mar. 22, 1930, a right nephrectom 3 ' was performed and a tumor was found 
m the louver pole Of the right kidney. The patient made an uneventful recover}- 
and was discharged from the hospital on Apr. 8, 1930. 

His blood pressure varied between 180 and 184 systolic and 110 to 112 diastolic 
prior to operation. At the time of discharge from the hospital, his blood pressure 
had fallen to 154/82. The patient was followed bj- his familj" physician for five 
years. For the first three years after operation his general health was excellent 
and his blood pressure did not exceed 150/84, but in the next two j-ears his blood 
pressure became elevated. The patient died five years after operation of cerebral 
hemorrhage. 

The pathologic diagnosis was (1) chronic pyelonephritis, (2) chronic parenchy- 
matous nephritis, and (3) hypernephroma with hemorrhagic e.vtravasation and 
necrosis. The vascular changes throughout the renal parencliyma were relatively 
mild (grade 1+). 


Case 15. (6. U., No. 1341.) A. W., white, male, 62 j-ears of age, married, 

merchant, was admitted to the Sinai Hospital on Feb. 6, 1933, complaining of 
hematuria. His mother had died at the age of 65 years of carcinoma of the stomach. 
The patient was in good healtli until tw-o y-ears previously-, w-hen he developed 
intermittent pain in the loft kidney- region, accompanied by hematuria lasting 
three to four days. There w-ere no urinary- or general constitutional symptoms. 
About one year before admission he had hematuria which lasted for two days and 
was unaccompanied by- other symptoms. He had hematuria again ten days before 
admission. Ho had lost seven pounds in the past year. Two day-s before ad- 
mission he had had a recurrence of pain in the kidney- region wliich was present 
at the time of admission. 


Examination revealed slight tenderness over tlio left kidney-. Neither kidney 
was palpable. Blood urea w-as 27.50 mg. per cent. Intravenous phthaloin was 
33 per cent for the first hour and 20 per cent for the second hour. Urine was 
negative except for S to 10 red blood cells and an occasional pus coll on micro- 
scopic examination. Cystoscopy- and py-elograpliy- revealed a normal kidney pelvis 
on the right, but on the left there were compression and distortion of the upper 
and middle major caly-ces, suggestive of a renal neoplasm. 

On Feb. 7, 1933, a left nephrectomy- was done under ether anesthesia. The 
kidney contained a tumor measuring 3 cm. in diameter which compressed and 
distorted the middle major and upper major calyces of the left kidney-. A calculus 
about the size of a lima bean w-as found in the middle major caly-x. The patient 
made an uneventful recovery and was discharged from tho hospital on Feb. 21, 
1933. Upon admission to the hospital, the patient’s blood prc.«aurc w-as 1GS/S6; 
upon discharge the patient’s blood pressure had fallen to 140/SO. Suhscfiueiit 
blood pressure determinations w-ero made by Ids family physician w-ho stated that 
during the period of observation for one y-c.ar following operation, his blood pres- 
sure did not rise above 144/80. 


The pathologic diagno.sis wa.s .adenocarcinoma of the kidney (i)apillary type). 
Tlie tumor tissue showed cxten.sbc hemorrhagic c.xtnivasation with some necrosis. 
In the kidney tissue adjacent to the tumor, the tubules and glomeruli were atrojihic 
1 necrotic' The remainder of the kidney presented evidences of rlegcaeraficc 
oVinsres van-ing froni cloudy swelling to actual necro-is of tnbnh-s and glomeruli 
with moderate fibrotic ehanges in the walls of the smaller blood Is (grade I-}. 


C\SE 16 -(G. U., No. U’32.3.) -r. ,% 0.3 years of 
tailor, was admitted to the Sinai Ho.p.taI on June 11, 
; tlm lower left quadrant, vertigo, and d.czy spells. 


age, white, male, married, 
19."2, complaiiiiag- of pain 
The patient had been in 
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personal ease.. The pathologic findings were: carcinoma, 13; cortical 
adenoma, 4; hyperplasia, 8; tumor (type not stated), 3; no pathologic 
data, 2. 

According to these anthors, hypertension is a frequent finding in 
cases of diffuse or circumscribed (adenomatous) hyperplasia of the 
adrenal cortex. This is substantiated by the studies of Aubertin and 
Ambard who studied 8 cases of hypertension and found diffuse cortical 
hyperplasia in 4, cortical adenomas in 3, and normal gland in 1. One 
of the above authors foimd cortical adenoma in 5 cases in a series of 
35 cases of hypertension as compared to 1 case of cortical adenoma in 
50 consecutive necropsies on nonhypertensive subjects. Volhard de- 
scribed 2 unusual cases in which the clinical picture was that of diffuse 
nephritis with hypertension and albuminuria and in each instance the 
hypertension disappeared following the operative removal of a hyper- 
nephroma of the adrenal cortex. 

Tumors of the medullary portion of the adrenal gland are encountered 
less frequently than the cortical tumors and may be classified in two 
groups: benign and malignant. The benign tumors are derived from 
the formative cells of the sympathetic ganglions according to Oppen- 
heimer and Fishberg and are divided into 3 types: (1) sympatho- 
blastoma, composed of immature sympathoblasts; and (2) ganglio- 
neuroma, composed of relative mature sympathetic cells and more 
differentiated than Group I; and (3) paraganglioma (or pheoehromocy- 
toma) composed of mature chromaffin cells. The malignant tumors are 
considered under the heading of neuroblastoma (or neurocytoma) and 
arc usually diagnosed after early extensive metastases have occurred 
in .skull, orbit, and long bones in children (Hutchinson type) and in the 
liver and lungs in adults (Pepper type) . 

Hypertension is rarely observed in cases of ganglioneuroma, neuro- 
blastoma, and metastatic tumors of the adi-enal but is an almost con- 
stant concomitant of paraganglioma. The clinical features of para- 
ganglioma, which were first emphasized by Labbe and his associates, in 
1922, are characterized by attacks of paroxysmal hypertension accom- 
panied by other vasomotor phenomena ; viz., headache, pallor, flushing, 
tachycardia, sweating, nervous apprehension, dyspnea, etc. This symp- 
tom complex is frequently referred to as the “suprarenal sympathetic 
smidromc’’ (Belt and Powell) and is caused by the hyperfunctioning 
adrenal tumor. The jiaroxysms of hypertension may be precipitated by 
undue physical or mental exertion and experimentally by the “cold 
])rc.s.sor test.’’ 

AVhen the presence of the tumor passes unrecognized for months or 
year-s, the attacks of paroxysmal hypertension increase in severity and 
frequency and permanent vascular and renal changes develop.’ The 
blood in-essurc remains high and paroxysmal attach are superimposed. 
Cardiac hypertrophy, arteriosclerosis, retinal changes, and evidences of 
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not to interference with the renal blood supply hut to the fact that 
the tumor tissue, like renal tissue, possessed the property of ciuising 
an elevation in blood pressui'e when altered bj" certain types of damage. 
Koons and Euch liliewise attributed the hypertension to interference 
with renal circulation by invading tumor tissue at the renal pedicle. 
They also suggested that the neoplastic mass surrounding tlie kidney 
may act in the same manner as tlie cellophane envelopes used bj’ Page 
to produce experimental hypertension. Daniel observed a strildng re- 
duction in blood pressure following irradiation in 3 eases with extreme 
hypertension, and following nephrectomy the blood pressure remained 
at normal levels. The beneficial effect of irradiation was thought to be 
due to a reduction in the size of the tumor mass and the consecjuent 
lessening ui the amount of ischemia. He found that when the ly'pm'- 
tension was of sufficient duration to have allowed the development of 
sclerotic changes in the arfeidoles of the presumably^ good kidney, 
neither irradiation nor nephrectomy had a beneficial effect upon the 
hy'^pertension. 

Daniel explained the hj^pertension associated with local recurrence 
in the 2 cases of Bradlej'^ and Pincoffs and in 1 personal case on the 
basis of renal ischemia resulting fx-om tumor growth about the vascular 
pedicle of the remaining kidney'. Furthermore he found that the pre- 
dominant cell type of Wilms’ tumor, epitheloid, mesoblastic or mixed, 
had no influence upon the presence or absence or liypertension. He 
concluded that hypertension in cases of Wilms’ tumor is of grave prog- 
nostic significance and is probably indicative of tumor growth in the 
region of the vascular pedicle. 

C. AdreiKtl Tumors. — Tumors of the adrenal gland have recently be- 
come the subject of renewed interest and much stud.v on the part of 
pathologists, clinicians, and surgeons. For practical purposes they may 
be classified into two main groups: (1) adrenal cortical tumors, derived 
from the mesoderm of the wolffian body, and (2) adrenal medullary 


tumors, originating in structures giving rise to the s.vmixathetic nervous 
system. The most common tumor of the adrenal is a hyixcrplasiu of 
the cortex which has a tendency to produce changes in the sexual 
charactei’istics of the affected penson (the so-called “spadromc (fcnito- 


surreml” of Gallais or “adrenal hirsutism’’ of Ivrabbc). 

The earliest reference to the oeeiuTcncc of liypertension in ca.scs of 
adrenal tnmors was made by Ncusscr, in 1898. He reported 2 ca.scs 
in which the clinical course was t.-vpical of nejiliritis, hut at nocro[>sy 
an adrenal neoplasm (carcinoma) was found and the kidney.s and 
arterioles appeared to ho normal. In a comprehensive review of tlie 
literature hv Oppenheimer and Pi.shberg in 1924, only lo cases of 
m-nniP Tionnephritic hypertension associated with adrenal tumors vr-iv 
^ n t/>d 11 cases were cortical tnmors mid 4, medullary (paragan- 
collec c . Xnznm and Dalton collected 29 cases of liyiicrlcnsion 
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have gained a clearer understanding of the anatomic and climco-patho- 
logic problems arising from the diverse types of congenital malforma- 
tion in the urinary tract and the complexitj- of the development of the 
permanent kidneys. Excellent classifications of the anomalies of the 
urinary tract have been proposed by Young, Hinman, Gutierrez, and 
others and a further discussion of same is intentionally omitted. 

A. Anomalies of the Kidney . — Suffice it to say that practically every 
congenital malformation in the urinary tract, sooner or later, exerts 
some deleterious effect upon the integrity and function of the kidneys. 
Congenital malformations in the lower urinary tract may be respon- 
sible for a variety of pathologic changes in one or both kidneys, the 
most common change being hydroneplirotic atrophy secondary to ob- 
structive defects. 

The literature abounds with numerous reports which confirm the 
fact that every congenital anomaly of the Iddney proper, its excretoiy 
apparatus or its vascular supply, is a potential clinicopathologic entity. 
Some anomalies of the Iddney exhibit a greater tendency to secondary 
changes than others. This is particularly true of anomalies of form 
(fusion types), of position (ectopic kidney), and of structure (aplastic, 
hypoplastic, and cystic kidneys) . The intrinsic Iddney lesion may mani- 
fest itself either as (1) extensive histologic changes (i.e., embryonic, 
sclerotic, or calcified glomeruli and tubules which occur in aplastic or 
hypoplastic kidneys as a result of defective development of the fetal 
kidney or cystic degeneration in polycystic kidney) ; or (2) hydro- 
nephrotic atrophy secondary to congenital obstructive lesions in the 
upper or lower urinary tract; or (3) renal atrophy secondary to 
anomalous blood supply; or (4) various types of inflammatory lesions of 
die parenchyma due to acquired infections; or (5) ealeulosis secondary 
lo obstruction or infection. The secondaiy changes within the anomalous 
kidney may be so extensive as to impair seriously or to destroy totally- 
die renal function. Not infrequently the opposite and presumably 
normal kidney shows signs of impaii-ed function due to the additional 
strain imposed upon it by injured anomalous mate. It is highly probable 
and indeed possible that the secondary changes within the anomalous 
kidneys lead to varying degrees of renal ischemia and subsequently 
liypcrlension with greater frequency than is generally recognized at 
]iresent. 

The probability of hypertension associated with congenital anomalies 
assumes greater clinical significance when one considers that 40 per cent 
of patliologic conditions of the kidney and ureter are due to congenital 
anonialics of the kidney according to Gutierrez. In a scries of 2S2 casc.s 
of hydronephrosis in infants and children, Campbell found the condi- 
tion was secondary to an upper urinary tract anomaly in 193 cases (6S.S 
per cent) and in fiOS eases of pcnslsient pyuria in young children he 
found a total of 206 anomalies of the upper urinaiy tract in 179 patients 
(30 i)cr cent). 
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renal damage appear. Patients witij paragangliomas are extmnel.r poor 
surgical risks and not infrequently exhibit a tendency to sudden' cleatii 
following a major or minor surgical procedure. In the latter cases, 
the cause of death is determined only by the finding of an adrenal 
medullary tumor at necropsy. I recently performed a bilateral e.x- 
p oxatoxj of the adrenal glands in a ease of tiaroxysmal hypertension 
but failed to find any pathohgie changes in or about the adrenal glands. 

In 1938 MacKenzie and MeBaehern collected 20 operative cases of 
paiaganglioma from the literature. Kepler reported 4 

cases of paraganglioma from the Mayo Clinic; 3 of tliese eases, wliicli 
include the cases previous^ reported bj’’ Ma 3 ’o and Walters, were suc- 
cessfuUj" operated upon and no further paroxysms of h.vpertcnsion 
have occurred; the fourth case was diagnosed at autopsj'. Similar good 
results were obtained bj' Shiplej’, the Porters, hlacKenzie and Jlc- 
Eaehern, and others. 

In 1938, Nuzum and Dalton stated that approx'imately 85 cases of 
pheochromocjdoma have been reported in the literature and added f 
case successfully treated bj" operation. A clinical diagnosis was made 
in onlj'^ 20 cases. Blood pressure was not recorded in 36 eases and 
was said to be normal in 3 cases. In the group of 41 cases in whicii 
hj’perteusion was found, the parox.vsmal t.vpe was obsenmcl in 22 and 
the constant t.vpe in 19; evidence of kidnej' change was preseiii in S 
cases of which 2 were atherosclerosis. 

Hj'pertension has been observed in association with other adrenal 
conditions. Ferrara reported a case associated with a hematic cj’st of 
the left adrenal. Dcmole and Bnti.sliaiiser described a case of pavoxj'S- 
mal hj'pertension due to adrenal tuberculosis. 

Oppenheimer and Pishborg maintained that tiiere is no evidence 
based on experimental studies or chemical and plmrmacologic examina- 
tion of the blood to su])port llic tlicoiy of Yaqnez that the lij-portcnsion 
in cases of adrenal tumors is caused b.v a Ji.vporejiinepliremia. The 


presence of large amounts of epinephrine in tJie tumor tissue, as demon- 
strated b.v miorocbomical and biologic mclhocls, has been reported b.v 
Orth, Belt, and Powell, and others. The exact meclianism vesponsihio 
for production of hypertension in cases of adrenal tumors has not 
definitelv been established but in all probai)iIity is intimately associated 
with vascular changes produced in kidney and other parts of the hod.v 
bv the absorption of the increased epinephrine jn'csent in tlie tumors. 
Confirmatory evidence of tliis view is found in the relatively high in- 
cidence of artcrioloselcvosis and arteriosclerosis in ruses of pnrngnn- 
o-liomas and the freijiioU oeeurrenee of <lifi’usc h.vfa-iqilasia and cirriim- 
reribed adenomas in the adrenal cortex in patients with hyperten.sion. 

Y Do.vnE.viTtn Axon.vi.ir.s or Tiir. Ykix.miv Tiarr.— Tlie relation of 
hvnertension to congenital anomalies of th- urinary tract, esiKcialiy of 
tho^I'idnevs nui.s! remain unsettled nntd more el, meal o).sc,-vatmns and 

'* "" 
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have gained a clearer nnderstanding of the anatomic and clinico-patho- 
logic problems arising from the diverse types of congenital malforma- 
tion in the urinary tract and the complexity of tne development of the 
permanent kidneys. Excellent classifications of the anomalies of the 
ni'inary tract have been proposed by Yonng. Hinnian, Gutierrez, and 
others and a further discussion of same is intentionally omitted. 

A. Anomalies of the Kidncij.— Suffice it to say that practically every 
congenital malformation in the urinarj' tract, sooner or later, exerts 
some deleterious effect upon the integrity and function of the kidneys. 
Congenital malformations in the lower urinary tract may be respon- 
sible for a varietj’ of pathologic changes in one or both kidneys, the 
most common change being hydronephrotic atroplij- secondary to ob- 
structive defects. 

The literature abounds with numerous reports which confirm the 
fact that every congenital anomaly of the Iddney proper, its excretory 
apparatus or its vascular supply, is a potential elinicopathologie entity. 
Some anomalies of the Iddney exhibit a greater tendency to secondary 
changes than others. This is particularly true of anomalies of form 
(fusion types), of position (ectopic Iddney), and of structure (aplastic, 
hypoplastic, and cystic kidneys) . The intrinsic kidney lesion may mani- 
fest itself either as (1) extensive histologic changes (i.e., embryonic, 
sclerotic, or calcified glomeruli and tubules which occur in aplastic or 
hypoplastic kidneys as a result of defective development of the fetal 
kidney or cystic degeneration in polycystic Iddney) ; or (2) hydro- 
nephrotic atrophy secondary to congenital obstructive lesions in the 
upper or lower urinary tract; or (3) renal atrophy secondarj- to 
anomalous blood supply; or (4) various types of inflammatory lesions of 
the parenchyma due to aeeprired infections; or (5) calculosis secondary 
to obstruction or infection. The secondary changes within the anomalous 
kidney may be so extensive as to impair seriously or to destroy totally 
the renal function. Xot infrequently the opposite and presumably 
normal kidney shows signs of impaired function due to the additional 
strain im])osed upon it by injured anomalous mate. It is highly probable 
and indeed possible that the secondary changes within tlie anomalous 
kidneys lead to varying degrees of renal ischemia and srrbsequently 
hypertension with greater frequency than is generally recognized at 
present. 

The probability of hypertension associated with congenital anomalies 
assumes greater clinical significance when one considers that 40 per cent 
of pathologic conditions of the kidney and ureter are due to congenital 
anomalies of the kidney according to Gutierrez. In a series of 282 cases 
of hydronephrosis in infants and children. Campbell found the condi- 
tion was secondary to an upper urinary tract anomaly in 193 cases (6S.S 
per cent) and in 508 cases of persistent pmiria in yonng children he 
found a total of 20G anomalies of the upper urinarv tract in 179 patients 
(30 per cent). 
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l^oliiard regarded congenital hypoplasia of the kidnej- as a frequent 
cause of hypertension. Leiter lias enipliasized the fact that liyporteiision 
appeared to be a characteristic feature in cases of unilateral hypoplasia 
and allied developmental anomalies of the kidney even in the absence 
of severe renal insufficiency. He also called attention to the following 
striking but paradoxical situation; viz., the absence of hyiiertension in 
about 75 per cent of cases of renal dwarfism and rickets, diseases ob- 
served in childi’en and associated with congenital dilatation of tlie 
urinary tract, and severe fibrotic atrophy of the kidnej^s. 

In the case reported by Leadbetter and Burldand, the affected kidney, 
responsible for the hypertension, was situated in the pelvis, causing 
consti’ietion and narrowing of the renal vessels in addition to partial 
occlusion of the main artery by a piece of abberant muscle. Removal of 
this kidney resulted in a cure. Leiter reported a nonoperative case of 
hypertension associated with congenital asymmetrical atroply. Kerr 
described a case of severe hypertension in a young lady whose blood 
pressure retuimed to normal following the removal of a nonfunctioning 
embryonic (congenital hypoplastic) kidney weighing 19 Gm. Schrocdcr 
and Fish's case of hjyoplasia associated with chronic ])yelonephritis and 
arterial hypertension, which was successfully treated by nephrectomy, 
has been mentioned previously. Elsewhere in this paper I have called 
attention to the findings of Oppenheimer, Klemperer, and IMoschkowiiz 
who observed iiypertension in 3 cases (23 per cent) in a series of 13 eases 
of unilateral congenital hypoplasia. Braasch, Walters, and Hammer 
found that in contrast to tl\e high incidence of hypertension in eases^ of 
atrophic pyelonephritis, the blood pressure was normal in 5 operative 


cases of congenital hypoplasia. 

In my series of 167 cases, neither preoperative -nor postoperative 
hypertension was present in any of the congenital anomalous kidneys 
removed; viz., congenital ectopic kidney, 3 cases; double kidney, 1 case; 
congenital hjTioplastic kidney, 1 case; liorse.shoe kidney (calculous 
pyonephrosis of one-half), 1 ease. I have encountered an interc.sting 
case of hMiertcnsion (216/148) with advanced hypertensive changes in 
both fundi in a male, 50 years of age, who had been treated for chronic 
bilateral pyelonephritis for several years. A double kidney with com- 
plete duplication of both ureters was pre.sent on tlie right side; the 
upper rudimentary segment was the seat of a nonfunctioning chronic 
atrophic pyelonephritis. After mucli deliberation and with no promise 
of anv cure or prolonged relief of hypertension, the ureter Fending to fins 
rudimentarv ureter was ligated extraperitoneally rather flian risk a 
hazardous hcminephrcctomy. For three months following opera .on, 
thM-p was a sVmlit temporary reduction in the hlood prcssiii'c which 
mried hetween 180/120 and 194/140, hut tl.is was followed l.y a gradual 
.efurn to the ]>reoperative level in the next three months. 

■R hi ihr mood mipph, of (he /uV/»ry.-Ti.r-rc ,s_a dyeded 

paumfv of information coiicernimr the relation of ahnonnahto m the 
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blood supply of the kidney and bypertension, particularly in cases of 
congenital malformations of the kidnej\ That such a relation may and 
does exist appears to be more than mere conjecture in the light of our 
increasing knowledge of the anatomic relations and pathologic effects 
of abnormal vascularization of the kidney. Anomalous renal arteries 
are an almost constant finding in congenital malformations of the kid- 
ney, the more pronounced the renal anomaly, the greater the variation 
of the blood supply. As a rule, anomalies of the renal arteries are ac- 
companied by similar changes in venous system. 

The possibilities for variations in the blood supply of the kidney are 
greatly due to (a) numerous peculiarities of the gro%vth and develop- 
ment of the mesonephros, (b) the development of the renal vessels from 
the periaortic plexus which in tum originate from different embryonic 
arteries, (c) the vascularization of the kidney during its upward migra- 
tion in the body, (d) other mechanical factors; i.e., influence of disturb- 
ances in body growth, pressure of adjacent organs, displacement by 
■ embryonic tumors, etc. Anomalous position of the kidney is one of the 
most important factors in the production of abnormalities in the blood 
supply of the kidney, for in the congenital abnormally situated kidney 
the blood supply arises from the nearest arterial source, and variations 
in the size, number, and course of the main arteries and the aecessorj* 
branches are always found. The role of accessor?' or aberrant vessels 
in the production of hj'dronephrosis bj' virtue of compression of the 
ureter or pelvis is well recognized by urologists. This is w'ell illustrated 
by ^lorton’s ca.se of hydronephrosis caused by an aberrant vessel and 
accompanied bj' hypertension. 

It is highh’- probable that a direct relation exists between renal 
ischemia and anomalous renal vessels in some cases. Some authors 
maintain that the anemia from a defective arterial suppl?' maj' be the 
important factor in the development of such renal anomalies of struc- 
ture a.s the aplastic and hypoplastic kidneys. The evidence offered in 
support of this theory is based on the presence of followng histologic 
changes within the aplastic or hj'poplastic kidne.v; viz., sclerotic or 
calcified glomeruli and tubules, necrotic or functionlcss nephrogenic ele- 
ments, varying degrees of fibrosis, or even complete absence of nephro- 
pnic^ elements. Clinically those kidneys show extreme gradations of 
impaired renal function which maj' be conceivably followed by hyper- 
tension in many instances. 

1 arying degrees of renal ischemia may result from compression, 
elongation, or distortion of vascular supply of a normal or anomalous 
kidney by a variety of intraronal and cxtrarcnal lesions. For example, 
a congenital or acquired ptosis of the kidney or a dilated pelms of a 
djnamie or mechanical nature may cause elongation and compression 
of the blood vessels. Likewise compression of the vascnlar pedicle may 
he caused hy cxtrarcnal and inlrarenal neoplasms or metastatic nodules 
m the juxla-aortic Ij'mph nodes. 
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0 . Congenital Polycystic Disease of the Kidney.— The association of 
liypertension Yath polycystic disease of the kidneys is now well known 
to clinicians and urologists. Braascli ivas the first to call attention to 
the frequent occurrence of hypertension in tliis condition in 1916. Since 
then other writers, including Bell and Clawson, Braasch and Scliaelit. 
Hausman, Pishberg, Haudhorne and Bauscher, Albrittain and Com- 
bi ooks, and Pahr, have commented on the frequency of persistent hyper- 
tension in these eases. 

A review of the literature disclosed the fact that the opinion of Bell 
and Clawson, namelj’", persistent hypertension is not a frequent con- 
comitant of congenital polycystic disease, is often quoted but rarely 
substantiated. To a nonbiased observer, it appears that their contention 
was based on insufficient data ; i.e., the presence of a normal blood pres- 
sure in 4 of 8 cases of polycj'stie disease in which blood pressure de- 
terminations Avere made and the occurrence of cardiac hypertrophy in 
only 1 case. 

Braasch and Schacht have presented vevy interesting statistics on 
the incidence of lij’^pertension in polycystic disease. In a series of 190 
patients ivhose average age Avas 43 years the systolic blood pressure ex- 
ceeded 145 mm. of Hg in 61 per cent of the cases, and the diastolic 
pressure was more than 90 mm. of Hg in 55 per cent, and more than 
95 mm. in 47 per cent. Elevated systolic blood pressures of 145 nun. 
or more were found in 71 per cent of the 71 patients reported dead of 
the disease. In a control group of the same age and sex, composed of 
patients suffering from chronic pyelonephritis, elevated blood pressure 
Avas found in 26 per cent. In this same group the incidence of hyper- 
tension among patients less than 50 year's of age Avas 17 per cent as 
compared Avith 52 per cent of the patients in the same age group Avho 
Avere reported dead of polycystic disease. 

HaAA’thorne and Karrscher found hypertension in 45 ]rer cent of their 


33 cases; Albrittain and Cornbrooks observed hypertension in more 
than 50 per cent of their 25 eases. Fahr noted hypertcn.sion in 4 of 6 
cases. Fishberg maintained that the incidence of liypertension in this 
disease is betAA'een 65 and 75 per cent. Ifaiier and IVosika obsci-A-ed 
2 cases of polycystic diseases in tlieir series of 101 eases of jiriinary 


urinary tract pathology associated Avith hypertension. 

Braasch and Schacht attributed the hypertension in polycystic dis- 
ease to a generalized vascular disturbance as attested liy the high in- 
cidence of retinal sclerosis and the frequent finding of obliteratiA'c 
elian"c.s in the small arteries and arterioles of tlie kidney. This con- 
tention is corroborated by the Avork of Ilininan and iroi-rison in 3924, 
I Kitfer and Bacbr in 1928 Avho studied tlic arterial tree of jmlycysfic 
l-tdoev hv inicctions. The former inve.stigators fonml that tlic circula- 
fnrv changes 'in a polycystic kidney appear to I.e of a inecl.an.cal nature, 
oiA cnan - , j displar'cmenl and .'omf.ms. 
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of the entire kidney was of the fetal type which maj' be e\'idence of the 
embryonic origin of the disease. The latter* investigators were the first 
to emphasize the decrease in the size of the small arteries and arterioles 
of the kidney and to point ont the similarity between the clinical course 
of polycystic disease and that of malignant hypertension (arteriolar 
sclerosis) and chronic glomerular nephritis. 

Ritter and Baehr described two distinct pathologic processes re- 
sponsible for the changes in polycj'stic disease; (1) between the cysts 
areas of atrophic sclerosed parenchyma are found which are similar to 
the typical pictui’e of a hydronephrotic contracted or a tubular con- 
tracted kidney and are the result of mechanical pressure; and (2) in the 
larger masses of parencbjuna which are situated near the capsule of 
the kidney and proximal to the cj'sts, the pathologic changes consist 
of atrophic tubules, hyalinized glomeruli, dense connective tissue, and 
sclerotic changes in walls of the small arteries and ai’terioles and re- 
semble the picture of a primaiy contracted kidney. In manj^ instances 
the arteriolar and parenchymal changes, which may manifest them- 
selves as early as the third decade and as late as the sixth decade, 
simulated those described by Fabr xmder the term of malignant sclerosis. 

The clinical course of polycystic disease may closely resemble that of 
chronic glomerular nephritis and the true nature of the condition is 
frequently overlooked until an attack of hematuria, infection, pain, or 
a palpable mass directs the examiner’s attention to the possibility of a 
nonnephritic lesion of the kidney. However, patients with polycystic 
disease experience greater longevity than do patients with nephritis 
despite the presence of serious impairment of renal function as demon- 
•strated by marked retention of nitrogenous and nonnitrogenous products 
in the blood and consistency low excretion tests; i.e., phthalein, urea 
eiearance, specific gravity, etc. The sequence of events is indistinguish- 
al)le from that observed in patients with chronic nephritis or malignant 
sclci-osis. Renal insufficiency, arterial hypertension, cardiac hj^^er- 
lro])hy, and retinal sclerosis eventually ensue in most patients who live 
to adult life and azotemia or dry uremia usually terminates the clinical 
pielui'o. 

Bothc reported a case of hypertension associated with bilateral poly- 
cystic disease, more advanced on the left side, in an SVo-year-old girl. 
An acute pyelonephritis appeared to be the contributory factor in pre- 
<-i])itatiim the hMiertension which persisted after the infection subsided. 
1'lic blood pres.suro rose from 128/S6 to 14.5/115 during the four-month 
period of renal infection. 

Hraasch. Walters, and Hammer reported hypertension in a case of 
polycyslic disease in which one kidney was functionless due to diffu.se 
infection. Folloxying nephrectomy the blood pressure returned to 
normal and remained .so for one year. In another case, pre.senting a 
similar condition, the blood pro.s.surc was temporarily reduced following- 
ne])hrcctoiny, but hypertension returned in a few months. 
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I have observed a ease of hypertension (170/100) associated \sith 
early bilateral polycystic disease in a female, aged 32 years. Tlie left 
kidney was the seat of a severe infection and was removed. Dnriiig the 
period of convalescence the blood pressure fell to 118/78. Unfortunately 
the patient failed to return for further observation. Nephrectomy was 
performed in another ease for a severe infection of one polj'cj'stie kidney 
which w'as unaccompanied by hj^pertension. 

The folloAving 2 cases, which are not included in Table III, illustrate 
hypertension associated rvith bilateral polyej'stic disease in Avlhcli the 
more seriously damaged kidney has been treated palliatively by punctur- 
ing the cysts and establisliing a nephrocutaneous fistula after the method 
of Goldstein. A temporary reduction in blood pressure level was ob- 
tained in both eases. 


Case 17. — (G. XJ., No. 4G92.) L. K., white, female, 29 years of age, married, 
housewife, was admitted to the urologic ward of the Sinai Hospital on Jnn. 2C, 
1932, complaining of severe headaches and pain in the lumbar regions and epi- 
gastrium. The family Instory was essentially negative. The patient had enjoyed 
good health until eight years previously when she sustained a cerebral concussion 
in an automobile accident. Following this accident, the patient began to com- 
plain of severe occipital and frontal headaches which haio persisted to date. In 
1928 she was told that the headaches were due to her tonsils which were rcmoicd 
witliout benefit. Subsequently she developed epigastric pain and discomfort after 
eating, dull persistent pain in tlie lumbar regions, accompanied by nausea but no 
vomiting. About one month befoie admission she developed urgency, diurnal and 
nocturnal frequency, and had a cjstoscopic examination elsewhere following which 
she was told that she had a kidney ailment. 


Examination revealed botli kidneys to be palpable, the left being larger and 
more irregular in outline tlian the rigid. Ophthalmoscopic examination wn'< nega- 
tive. Tlie urine had a specific granty of l.OOS, and was negatno for albumin, 
for sugar, and microscopically. The blood urea was 2S.7G mg. per cent. Plithalcin 
test was 55 per cent for the first hour and 10 per cent for the second hour. 

Cystoscopy and pyelography rcicalcd a bilateral congenital poljcjsfic disease 
of the kidney. A fractional phthalein showed tlic riglit kidney to excrete 12.5 
per cent in fifteen minutes as compared to 20 per cent on the loft. Because the 
rivlit kidney uppeared to be more cxtensnclj' imolied, it was decided to puncture 
the cysts m this kidney first. On Feb. 2, 1032, the right kidney was exposed 
through a lumbar incision under spinal anesthesia and many eysts were punetured 
(Bosving’s operation). The patient made an uiieicntfiil reeoxery and was dis 
charged from the hospital on Feb. 28, 1032. Prior to this operation, her lihaal 
pressure was 100/01>; following operation it foil to 1 to/OJ 

The patient was followed in the outpatient department. Tlirce xears later she 
developed marked suprapubic discomfort and menstrual disturbaiiees whnii wire 
ciiused bv a fibroid tumor of the uteni«, and u liysterei tom.% was performed In 
the past few months before readimssion, the patient (omplainid of (wcasionnl sihk 
nn- nntn in the left kidney region niiompaiiied by a sensation of di-teiilion m 
fl° same area f^he also enmplamed of n.uisfa, ennlation, and constipation. Tn 
lie last two weeks before readmiss,on, her headiohes r. turned m a more s. w re 
Ln,‘ She had no urinary symptoms other than oerasmnal no. Inrm .'she id-« 

eoirplaincd of dyspnea and occasional edema of hrr iinhi, s .I- w.. 

readmiUed to the liosp.tal again on April -o. IP, • 
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At this time examination levealecl the left kidney to be enlarged and tender. 
The surface of the left kidney 'xas nodular and irregular and several large cystic 
masses could be easily mapped out. The right kidney uas not palpable. Oph- 
thalmoscopic examination disclosed narrowing of the arterioleSj increased light 
streaking, and A-V nicking in both fundi but no hemorrhages or exudates. Cardiac 
hypertrophy was present. The blood pressure varied from 168/90 to lSO/105. The 
urine had a specific gravity of 1.010 but otherwise was negative. The blood urea 
was 16.74 mg. per cent. The serum protein was 6.59 mg. per cent. Urea con- 
centration tests revealed slight but definite renal impairment. The combined 
phthalein test was 28 per cent for the first hour and 15 per cent for the second 
hour. Fractional phthalein test at the time of cystoscopy showed an excretion of 
.1 per cent from the left kidney and 7 per cent from the right kidney in the first 
fifteen-minute collection and 2 per cent from the left kidney and 5 per cent from 
the right kidney in the second fifteen-minute collection. 

On April 29, 193S, under ai ertin-ether anesthesia, a left neplirocutaneous fistula 
(Goldstein’s operation) was established after aspirating and puncturing the cysts 
on the cortical surface. Tlie patient made an uneventful recovery and was dis- 
charged from the hospital on June 12, 1938. 

During her second stay in the hospital a daily blood pressure chart was kept. 
Following operation her blood pressure gradually declined to 130/70. Subsequent 
blood pressure determinations were taken in the outpatient department at intervals 
of three months. The last blood pressure was taken on Nov. 19, 1940, and was 
recorded as 144/82. 

At the time of each operation, a piece of renal tissue was removed for histologic 
study. Extensive fibrosis witli chronic inflammatory changes and hyalinization of 
the glomeruli tubules and smaller Wood vessels were noted in several areas. In 
other areas, typical elianges, i.e., dilatation of tubules and hypertrophy of glomeruli, 
wore observed. The sclerotic changes in the walls of the smaller blood vessels were 
graded 1-s. 

Case IS. — (G. U., No. 1868.) C. P. E., white, male, 45 years of age, married, 
merchant, was admitted to the Sinai Hospital on Feb. 3, 1936. His family history 
was negative. The patient had had an appendectomy in 1917. In November, 
1932, he had had pneumonia complicated by a lung abscess, wliich drained spon- 
(ancouslj and Iiealed in si.\ montlis. In 1933 he developed an infection of the 
loft kidney following the lung abscess. He pa^^ed blood and was cystoscoped 
cKewherc, but nothing further wai done about this condition. In 1935 he had 
liematcmosis, accompanied by epigastric pain and t.arrj- stools. The patient was 
confined to a liospital for tlirce week-; but has liad no further recurrence of this 
trouble. In the jiast tliree years he has developed dyspnea on e.vertion, increasing 
fatigue, baekaehe, oceavional vertigo and tinnitus, blurred vi‘-ion, vague muscle 
and bone pain^, and nnorovia. 

Evamination revealed an abdominal ma-s in both upper quadrants which were 
round, firm, and nodular. Voided specimen of urine had a specific gravity of 1.008 
and a trace of allmniin; micro-eopicallv , it showed an occa<=ional wliite blood cell 
an<! -everal red Wood celK. ^ Cv^oscopy and pyelography revealed congenital bi- 
lateral polvevsiie kidnov-. Tlie red Wood eoiint n.ns 2,750,000, 3S per cent hemo- 
glol.ia; white Woo.l count was 7.000 with 70 per cent polvnuelcar neutrophiles 
Comlimd intravenous pWbalem showed 4 per cent for tl.c first half-hour- 6 per 
cent the second halfbour; I per cent the third halM.our; ami 2 per cent the fourtl. 
luilfhour. Wood creatinine was 5.2 mg. per cent; Wood urea. 71 mg jier cent 
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On Feb. 9, 1936, the left kidney was exposed and numerous cortical cvsts were 
punctured and a nephrocutaneous fistula (Goldstein’s operation) u-as established. 
The postoperative course was complicated by bronchopneumonia shortly after the 
operation. The patient was discharged on Jlarch 25, 1936. During the latter part 
of his stay in the hospital, there was a decided improvement in his general con- 
dition. The blood urea fell to 60 mg. per cent and the blood pressure, ivhicli on 
admission was 200/llS, fell to 140/96. However, prior to discharge, his blood 
pressuie gradually increased to lSO/100. Following his discharge, he returned to 
his home in a neighboring state, but his general condition became progressively 
worse and signs of severe renal insuflSciency developed and he died on Apr. Hi, 
1936. 

A piece of renal tissue was removed at the time of operation for histologic 
study and revealed extensive fibrotic changes in the interstitial tis.sue between the 
cyst walls. There were relatively' few blood vessels seen in the microscopic sections 
but the degree of vascular changes in these vessels was rather marked (grade 3+). 


DIAGNOSIS 


Hitherto tiie urologist and often the uiternist liave assumed a rather 
casual attitude toward hypertension, a symptom complex ivJiich is so 
vital in its relation to the kidneys and yet so devastating in its possible 
effects on the mechanism of the body as a whole. With the development 
of cystoscopie instruments, roentgenogi'aphic procedures, and laboratory 
tests of great precision and immeasurable diagnostic and prognostic 
value, the internist has gained a more Ihorougli recognition of the im- 
mense importance of lesions of the ui'inary tract in hypertension and 
the urologist has acquired the necessary confidence to undertake the diffi- 
cult task of treating such cases. 

A complete and accurate diagnosis in every case of hj'perfension de- 
pends upon a careful analysis and correlation of all diagnostic means at 
our disposal. A comprehensive study of the genitourinary tract appears 
to be one of the most important diagnostic aids available. Its diagnostic 


value is greatly enhanced when one considers the frequent occurrence 
of urologic lesions in hypertensive patients as indicated in the clinical 
statistics of Maher and Wosika, Schroeder and Steele, Williams and 


Harrison, and others. In establishing the correct diagnosis of an 
urologic disease, the urologist must be on guard and not overlook an 
accompanying chronic nephritis or secondary arteriolar eiiangcs in Ibc 
kidnevs whose presence can be detected only by skillful utilization of 
various renal functional tests. The latter lesions, if neglected or over- 
looked may exert considerable influenee upon the clinical couns’c of the 
uroloe-ie disea.se or the hypertension and occasionally leads to diastrous 
results during the course of an apparently innocuous tbcraimiitic regime 
nr foilowin""a well-performed operation. The urologist must also lie 
eUizant of the tendency of the lirighfs disea.se to mimic or be con- 
fused with other lesions of the urinary trad. 

A careful and complete urologic study entniN- the utilization of the 

following diagnostic measures: 
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1. An accurate Hstorj- 

2. Tliorougli physical esamination including 

A. Blood pressure determination 

B. Ophthalmoscopic examination 

C. Special cardiac studies (i.e., electrocardiogram, teleroentgenogram) 

3. Complete urinalysis 

4. Laboratory tests 

A. Complete blood chemistry (i.e., urea N., N.P.N., creatinine, serum sulfate) 

B. Fractional phenolsulfonephthalein test 

C. Special renal functional tests (i.e., urine concentration, urea clearance, 
inulin clearance, and diodrast clearance) 

5. Boentgenographic studies 

A. Plain film of the genitourinarj' tract 

B. Intravenous urography 

C. Hetrogradc pyelography 

D. Perirenal insufflation 
G. Cystoscopic study 

A. Careful inspection of the lower urinary tract 

B. Ureteral catherization with collection of urine from each kidney for micro- 
scopic, chemical, and bacteriologie study 

C. Differential functional tests (phthalein, indigo, carmine) 

D. Bilateral retrograde pyelograms 

A brief discussion of the pertinent features of each diagnostic method 
is herewith presented. 

History . — An accurate history obtained from the patient or his family 
is an invaluable aid in the diagnosis and treatment of cases of hyper- 
tension associated with unilateral or bilateral diseases of the kidnej's. 
h’areful questioning will often reveal an antecedent infection or disease 
of the genitourinary tract whose effects or sequelae may have a direct 
etiologic relation to the hypertension. Attention must be directed not 
only to sjTnptoms referable to the urinary tract but also to sjTuptoms 
of other systems (i.e., cardiovascular) or organs (i.e., eyes) which may 
have a bearing on the problem at hand. 

PhyskdJ Examimtion . — Having obtained a complete history, the next 
step is a thorough physical examination wliieh should not be limited to 
the abdomen, genitals, and rectum but should cover the entire body. 
The general appearance of the patient should be carefully noted, as the 
keen observer ean often discern some telltale signs of a. constitutional 
disea.se or a specific organic lesion. Signs of renal insufficiency ean often 
he detected. The urologist should not hesitate to avail himself of the 
serviecs of an interaist when emdenee of cardiac pathology' is found. 
Electrocardiogram and teleroentgenogram serve as useful adjuncts to the 
usual amseultatory examination and may be of inestimable value in 
determining the extent of the cardiac damage and the operability of the 
patient from a cardiac point of view. The urologist should familiarize 
himself with the use of the ophthalmoscope, for the presence or absence 
of vaseuiar. inflammatory, or hemorrhagic changes in the fundi may 
prove to be of great as.sistancc in differentiating between chronic 
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nephritis, nephrosclerosis, and chronic pyelonephritis. Changes in liie 
caliber of the retinal vessels I’esulting front arteriolar disease, secondary 
to chronic pyelonephritis or a generalized disease process, may serve 
as one of the determining factors in the selection of cases of hyper- 
tension with unilateral renal disease suitable for nephrectomy. 

Blood Pressure. — The routine determination of blood pressure is an 
essential part of every^ urologic examination. Urologists and internists 
alike are guilty of placing too much reliance on a single blood pressure 
reading obtained at the time of the initial examination. In view of tlie 
variability of the blood pressure in tlie same patient at different times, 
it is imperative that a blood pressure reading be taken not only at tlie 
start of the initial examination when the patient is nervous and appre- 
hensive but also at, or near, the end of the examination, preferably prior 
to instrumentation, when the patient is in a more comfortable mental 
and physical state. 

Blood pressure reading should be repeated at each subsequent office 
visit. When urologic patients suffering from renal calculi or infections 
are hospitalized, it is advisable to take blood pressure readings at least 
twice a day (in the morning and afternoon) ior several days in order 
to rule out an associated hypertension. King and Keith stressed the 
advisability of taking blood pressure readings four times daily in 
urologic patients during the period of observation in order to detect the 
fluctuating type or paroxysmal type of hypertension. By this method 
variations due to nervous responses can easily be ruled out in patients 
suspected of having hypertension associated with unilateral or bilateral 
renal diseases, and the paroxysmal type of hypcrten.sion may he easily 
recognized in patients with adrenal medullary tumors. Following 
lU'ologie operations, blood pressure readings should he taken daily. 
After discharge from the hospital, blood pressure should be taken at 
weekly intervals for the first few month.s, and later at monthly inteiwals. 

There is no unanimity of opinion eoncci'iiing the range of normal 
blood pressure. Kobinson and Brucer made a detailed statistical study 
of the blood pressure in large groups of persons and concluded that 
the normal range of sy.stolic blood prc.ssurc is between 90 and 120 mm, 
11" and of diastolic pressure, between 60 and 80 mm. These figures arc 
decidedly lower than those of other investigators. It is generally recog- 
nized that in normal children the blood prc.ssurc is lower than in adults 
and increases with age until at puberty it nppronches the level of the 


idult. • 

Hines and his co-workci-s in the Jlayo Clinic have made excellent m- 

ensive studies of the so-called normal blond pressure, its variations and 
ts responses to the various tests. ITincs recently .studied the incidence 
(f subse(iucnt hyi)erten.sion as corndaled with the first reading of blood 
)re.ssure which rcin-csented in most incidences the I'cspnnses to nervous 
itress. It was found that e.xcessivc variations and cxcc-sive responses 
o the usual stimulation te.sts nere indications of evidence of a /oesdde 
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prehypei'tensive state. Patients whose blood pressure was not elevated 
as the result of neiwous stress to more than 140 mm. sj'stolie (or 85 mm. 
diastolic) are unlikely to develop hypertension subsequently ; whereas, 
if the blood pressure under similar eireumstances was less than 120 mm. 
systolic and 70 mm. diastolic, the patient was almost certain not to 
develop subsequent hypertension in the future. Conversely even tran- 
sient elevation of the systolic and diastolic blood pressures into the upper 
range of normal are prognostic of probable subsequent hypertension. 
It was emphasized that elevation of the systolic blood pressure alone is 
not an indication of subsequent hj-pertension, wliich was more likely to 
occur when the diastolic pressure was elevated above the critical level 
of 85 mm. Hines recently maintained that hereditj- often determined 
whether or not a patient will develop hj^pertension as a result of renal 
disease. 

Hines and Brorni have slio%vn by means of the “cold pressor test” 
tliat hypertensive patients show a greater response than do normal pa- 
tients. The test was performed on a group of hypertensive children 
who were normal at the time of examination and revealed a positive re- 
sponse in a larger numljer of eases than in a similar group of nonlij'per- 
tensive children. The cold pressor test consists of estimation of blood 
pressure immediately and at five-minute intervals, following the im- 
mci-sion of the hands or feet in cold water (4° C.) for a period of one 
minute. 

Hardgrove, Roth, and Brown demonstrated a similar tj-pe of response 
with the inhalation of CO, and noted further that the responses were 
greater in the earlier cases of hj-pei'tension than in the advanced group. 

EABORATORY TESTS 

Lalioratory studies of urine and blood are valuable aids in the diag- 
nosis of urologic diseases. Unfortunately, there is no single laboratory 
test wliich affords a time evaluation of the renal function in every case. 
An accurate and complete estimation of renal function can be based 
only on the correlation of the findings of several different tests. 

Urine Exajunation. — ^Urine examination must ever remain one of the 
most important steps in an urologic study, for much information can 
be obtained b.v a careful routine examination of the urine, preferablj’ 
a catheterized specimen. As a rule, the determination of the specific 
gravity of a single voided or catheterized specimen is not of any great 
diagnostic value, but occasionally a low specific gravity may suggest 
the presence of polycystic disea.se or chronic nephritis. Hydrogen-ion 
concentration studies may provide valuable information from a thera- 
peutic standpoint in the ca.se of renal calculi and infections. Careful 
examination for albumin should be performed in everj- case in view of 
its significance in the early phases of renal ]iatholog%-. Idicroscopic 
study of the cenlrifugalizcd urinaiw sediment is unquestionably a most 
important step in the examination of the urine, as the presence of ab- 
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nephritis, nephrosclerosis, and chronic pyelonephritis. Changes in tlic 
caliber of the retinal vessels resulting from arteriolar disease, secondary 
to chronic pyelonephritis or a generalized disease process, may serve 
as one of the detei’mining factors in the selection of cases of hyper- 
tension with unilateral renal disease suitable for nephrectomy. 

Blood Pressure . — The routine determination of blood pressure is an 
essential part of every urologie examination. Urologists and internists 
alike are guiltj' of placing too much reliance on a single blood pressure 
reading obtained at the time of the initial examination. In view of the 
variability of the blood pressure in the same patient at different times, 
it is imperative that a blood pressure reading be taken not only at the 
start of the initial examination when the patient is nervous and appre- 
hensive but also at, or near, the end of the examination, preferably prior 
to instrumentation, when the patient is in a more comfortable mental 
and phj^sical state. 

Blood pressure reading should be repeated at each subsequent office 
visit. When urologie patients suffering from renal calculi or infections 
are hospitalized, it is advisable to take blood pressure readings at least 
twice a day (in the morning and afternoon) for several days in order 
to rule out an associated hypertension. King and Kcitli stressed the 
advisability of taking blood pressure readings four times daily in 
urologie patients during the period of observation in order to detect the 
fluctuating type or paroxysmal type of hypertension. By this method 
variations due to nervous responses can easil.v be ruled out in patients 
suspected of having h.ypertension associated with unilateral or l)ilatei’al 
renal diseases, and the paroxysmal t.vpc of hypertension may be easily 
recognized in patients M’ith adrenal medullary tumors. Following 
urologie operations, blood pressure readings shoxild be taken daily. 
After discharge from the hospital, blood prc.s.surc should bo taken at 
weekly intervals for the first few months, and later at monthly intervals. 

There is no unanimity of opinion coiico-ning the range of normal 
blood ])ressure. Robinson and Brucer made a detailed statistical study 
of the blood pressure in large groups of persons and concluded that 
the normal range of .systolic blood pro.s.sure is between t)0 and 320 mm. 
II" and of diastolic pre.ssure, between 60 and 80 mm. Tliesc figures arc 
decidedly lower than those of other investigators. It is generally recog- 
nized that in normal children the blood jirc-ssure is lower than in adults 
and increases with age until at puberty it ai)i)i’oac)ies the level ot tlie 


Hines and his co-workers in the Hayo Clinic have made cxi-elicnf in- 
msive studies of tlie so-ealled Tiormal blood pressure, its variations and 
..pojises to the variovis tests. Hines recently studied (he ineirlenee 
'"s^fiXmtent hvpertension as correlated with (he first readin-r of blood 
• ■ ■ which Represented in most itieideuees the responses to nervous 

re-ssUie ^ found that e.-ccessivi' variations and evee^sive resfcmses 

^'■J^p\,,„J’",‘’i,„ulation tests nere indications of evidence of a po.filfie 
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i.e., cardiac diseases, nervous diseases, abnormal metabolism, etc. Never- 
theless, the functioning capacity of the kidney is a far more accurate 
index of the severity, course, and prognosis of renal disease than the 
degree of hj'pertension, hematuria, albuminuria, uremia, edema, etc. 
Unfortunately most of these tests necessitate quantitative chemical de- 
terminations which require special laboratories. Two tests of renal 
function are available to the urologist, internist, and general practitioner 
which can be performed nnth xnry little equipment and in a short time. 
Every urologist and clinician is fully acquainted with the use of the 
phenolsulfonephthalein test as a quantitative and qualitative measure 
of renal function, but few are cognizant of the fact that phenol- 
sulfonephthalein is almost entirely exci’Cted by the tubules ■with only 
6 per cent excreted bj' the glomeruli, and that 50 to 70 per cent of the 
tubular epithelium must be damaged before an appreciable reduction in 
the total excretion occurs. The A’alue of the test is limited by the 
presence of a complete or paihial obstruction of the ureter, whereby 
tubular secretion is temporarily suppressed by back pressure or bj^ the 
difficulty of collecting the urine trapped above the obstruction. The 
advantage of the test lies in the ability to determine accurately the rate 
of excretion over a two-hour period by noting the appearance time and 
estimating tlie amount of dye in the specimens collected every fifteen 
minutes, starting from the time of injection of the dye. 

Shaw showed that the normal cmwe of elimination of phenokul- 
foncphthalein is characterized by an average output of 40 per cent dur- 
ing the first fifteen-minute period, 17 per cent during the second. 8 per 
cent during the third, 4 per cent during the fourth, and a gradual de- 
crease to 0.5 per cent during the eighth period. Since the maximum 
excretion occurs in tlie first lialf-hour, collections of urine made at half- 
hour intervals will suffice for all practical purposes. The usual hour 
collections in vogue are impractical. All collections are dated from the 
time of administration of the drug rather than from the time of appear- 
ance of tlie drug in the urine. A record of the findings plotted in the 
form of a graph should be kejit for future references and compaiison. 
In the presence of vesical nock obstniction, it is essential that the bladder 
be emptied completely by catheterization or that an indwelling catheter 
be employed during the entire two-hour period. One cubic centimeter 
of tlie drug should be injected intravenously. 

In a differential phthalein, which is performed with the catheter in 
each ureter, if is important to determine the time of the appearance of 
the drug in the urine, wliicli is normally three to seven minutes. A large 
caliber (Jarceau ureteral catheter should be used to prevent leakage of 
the dye around the catheter. In differential phthalein, collections are 
made simultaneously from both kidneys during the same interval of 
time; i.e.. prcfenibly fifteen-minute and one-hour intervals; the start- 
ing iioint for the collections is the time that the dye is excreted from 
oil her side. 
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noimal uriiuuy eonstilueiils, i.e., ])Us cells, casts, erythrocytes, bacteria, 
etc., i.s eontirtiuUory evidence of renal damage. Erythrocytes are not 
oidinaril\ detected in the nrinc xiiilil the number e.xceeds 5,000 cells per 
cubic centimeter of urine. The extreme sensitivity of the orthololidiae 
test warrants its use iix every case in which ciythrocytes are found in the 
nrinc; a l-i- test is olxtained when the concentration is between 1,300 
and 1,500 erytlu’oeytes ])er cubic centimeter of urine; a 2+ between 
4,000 and 7,000, and a 3 + between 5,000 and 20,000. 

Blood CiiEMiSTRY.—Tiie chemical constituents of the blood are main- 
tained in equilibrium by delieatc adjustments of the filtration and secre- 
tion through the glomeruli and tuhnles. In kidney diseases this mecha- 
nism is easily disturbed with resultant changes hi the blood chemistry. 
However, in the past too much reliance has been placed on the estima- 
tion of blood urea nitrogen, nonprotcin nitrogen, and creatinine as tests 
of renal function. Recent studies have shown that a normal blood urea 
and nonprotcin nitrogen may exist even when extensive renal damage has 
oeeum'cd, and that the values of these nitrogen serum elements show an 
appreciable increase only after 50 per cent or more of kidney tissue is 
destroyed. The blood urea nitrogen concentration may be considerably 
influenced by extrarenal conditions; i.e., dehydration, high protein diet, 
hypochloremia, alkalosis, liypotension, etc. Furthermore the increased 
blood urea and nonprotein nitrogen merely serve to indicate the in- 
efficiency of the kidney to excrete protein ivaste products and are not a 
true indication of renal impairment. Mosenthal advocated the use of 
the urea ratio; i.e., the relationship between blood urea nitrogen and 
nonprotein nitrogen as a measure of renal insufficiency. 

Recently Wakefield, Powers, and Keitli demonstrated that seinim 
sulfate estimation is a more valuable index of renal function than either 
the urea nitrogen, nonprotein nitrogen, or creatinine. They found that 
the upper limit of normal serum sulfate concentration is 0.5 mg. per 
cent. In cases of renal insufficiency, there is a parallel increase in the 
blood urea and serum sulfate. Lazaras has employed this test to great 
advantage in the appraisal of nephritic states in urologic patients and 
maintained that an increased urea nitrogen concentration in the presence 
of a normal serum sulfate is more indicative of dehydration than renal 
pathology. The urea nitrogen concentration may he disregarded when 
the serum sulfate concentration is within normal limits. 

Renal Functional Tests. — Tlie importance of measuring the renal 
functional capacity in health and disease does not require emphasis. 
These tests indicate the functional capacity not only of the kidney hut 
of the whole body. Renal functioning tests are interpreted the best 
when correlated or supplemented by other available clinical and patho- 
o-’ findino’s. Renal functional tests merely indicate the presence of 
irment in renal function but do not permit differentiation of 
an imp disease from renal lesions secondary to intrinsic or e.x- 

primary re ^ genitourinai^^ tract and constitutional changes; 

trinsic changes 
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renal damage, the specific gravity o£ the urine may become fixed at a 
low level, and the urea clearance test then becomes the only indicator 
of the progressive changes in the kidney lesion. A low urea clearance is 
significant of renal damage, except when urine volume is less than 20 
c.c. per hour. One disadvantage of the urea clearance test is that it 
requires two hours to carry through. 

Smith and his associates have made important physiologic contribu- 
tions to the Imowledge of glomerular filtration rate, total mass of func- 
tioning renal tissue (tubular excretory mass) , and rate of blood flow to 
this. They utilized clearance methods based on the capacity of renal 
tubules to remove certain foreign substances from the blood and excrete 
them into the urine, independent of glomerular activity. The desired 
blood levels of from 100 to 150 mg. per 100 c.c. of inulin and from 0.5 
to 5 mg. per 100 c.c. of diodrast were maintained by means of slow 
intravenous priming and sustaining solutions of inulin and diodrast in 
1 per cent saline solution introduced simultaneously. From 1,000 to 
1,500 c.c. of water are taken orally before each test and not more than 
200 c.c. of water given during the procedure. They showed that phenol 
red, diodrast, and hippuran are excreted by a common cellular mecha- 
nism in the tubules and that the tubular excretory activity is limited 
in that there is a maximal rate of excretion for each substance. They 
pointed out that no significant quantity of each of the three substances 
is stored in the renal tubule. 

They found that the clearance of imilin and phenol red in normal men 
is quite constant. The minimal renal plasma flow, as measured by 
diodrast clearance, has an average value of 820 c.c. per 1.73 sq. m. sur- 
face area per minute which corresponds to a minimal whole blood flow 
of 1,384: c.c. 

Diodrast clearance approaches closely enough a complete clearance to 
be considered identical with renal plasma flow. A study of thirty-four 
observations in 15 normal subjects indicated the effective renal blood 
flow ranging from 1,050 to 1,580 c.c. (average 1,339 c.c.) or 595 to 916 
c.c. (average 772 c.c.) of plasma per 1,173 sq. m. per minute. The 
glomerular filtration fraction ranged from 15.3 to 21.8 per cent (average, 
17.7 per cent). The glomerular filtrate rate is measured by inulin clear- 
ance (the normal inulin clearance varied from 113 to 137 c.c. per minute 
with an average of 122) and the filtration fi-action (i.e., the apparent 
fraction of plasma cleared through the glomeruli) is obtained directl.v 
by inulin diodrast clearance ratio. 

IloESTanNoauvpiiY. — There are sevei-al rocntgenogiuphic procedures 
available for the study of urologip patients suffering from, or suspected 
of liaving. hypertension: viz., (a) plain roentgenogram of the kidney, 
ureteral aud bladder areas; (b) intravenous urogi'aphy; (c) retrograde 
pyelography; and (d) perirenal insufllation of air. Each procedure 
has its indications and limitations which must be thoroughly understood 
if tlie iirocedurc is bc.st to servo the patient as well as the physician. 
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Indigo carmine is not (juife as accurate as phcnolsulfonephthalein, 
inasmncli as not more Ilian 2o per cent of tin's dj'c is excreted by the kid- 
nejs. However, Ibis dye is excreted more rapidly than phenolsiil- 
foneplitbalcin or methylene blue and its chief advantage is that it pro- 
vides a rapid means of estimating the differential function of each kid- 
ney, of localizing the ureter, and of determining the presence of func- 
tioning renal tissue, especially in congenital anomalies and pathologic 
conditions of the kidney. 

Urine Concentration. — The urine concentration test as described by 
Lashmet and Newburgh and modified by Fishberg is a very simple and 
yet one of the most delicate tests for renal function. This test demon- 
sti’atcs renal impairment in its early compensating stages. A brief out- 
line of the test is as follows: 

1. At 0:00 P.st. on cveninp; before test liigli protein menl with not more than 
200 c.c. of water is tahen. 

2. Xo fluid or food is taken thereafter until test period is over. 

.1. All urine voided between 0:00 r.st. that evening and S:00 A.si. next morn- 
ing is discarded. 

4. Specimen of urine is collected at S:00 A.jr., 9:00 A.ii., and 10:00 A.jr. 
in separate bottles and specific grar-ity of each is determined. 


Normally the specific gravity of at least one specimen will exceed 
1.025. Eenal damage is shown when the specific gravity is below that 
level. A specific gravity below 1.020 shows considerable damage. The 
test is not reliable in patients with loosely held edema, associated with 
congestive heart failure and occasionally in nephrotic syndrome. 

Blood Urea Clearance Test. — The accuracy of the blood urea clearance 
test, as described by van Slyke and Cope, depends to a great extent on 
measuring the urea secreted in the urine during an exact interval of 
time. It is extremely important to obtain all urine formed by the 
kidney during the tests; consequently, catheterization of the bladder 
should be performed in eases of obstructive lesions of the vesical neck 
or urinary incontinence. The blood urea clearance test is less sensitive 
than the urea concentration test, for in many instances the urea ex- 
creting function of the kidneys becomes impaired after the concentrating 
ability of the kidnej^ is diminished. The test determines the amount of 
blood that is cleared of urea per minute and its efficiency is dependent 
upon the passage of at least 2 c.c. of urine per minute, the so-called 
auomentation limit. The normal value (100 per cent urea clearance) is 
Sdlo 75 c.c. of blood cleared per minute with an urinary excretion rate 
f 2 c c per minute. It is generally recognized that evidence of renal 
? ‘rnient is manifested only when the urea clearance falls below 
TO^per cent; a reading of 30 per cent or lower is of grave prognostic 


ificance. 

• 'ell established that the urea clearance and concentrating ability 

o-pneral parallel each other. In the cases of extensive 
he kidney m gcin-i" j 
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the result of the observations on the excretory urographic changes and 
has served as an efficient measure of the total renal plasma flov . Hov- 
ever, the correct evaluation of this test of the renal functional capacity 
must he correlated with other tests only when all factors responsible 
for the excretion of urine are knoivn. 

Intravenous urography has several shortcomings and limitations 
which should be realized by the urologist, radiologist, and clinician in 
order to prevent the indiscriminate use of such an extensive and time- 
consuming diagnostic method. Experience has shovTi that excretion 
urography is of little or no value in the diagnosis of renal tuberculosis, 
neoplasms and polycystic disease. Incomplete and irregular filling de- 
fects in the outline of the kidney, pelvis, and ureter which may simulate 
tuberculosis or neoplastic lesions of the kidney are frequently seen in 
patients with normal kidneys and an incorrect evaluation of these 
changes may lead to serious consequences from a diagnostic and thera- 
peutic standpoint. The method is practically useless from a diagnostic 
standpoint in patients with minor degrees of renal infection (pyelo- 
nephritis) or extensive nonfunctioning pyonephrosis by virtue of its 
failure to demonstrate any anatomical changes. Intravenous urography 
should never he substituted for cystoscopy in eases of pyuria or hema- 
turia. It is well to bear in mind that the mobility or failure to visualize 
one or both kidneys by this method is not necessarily due to a permanent, 
partial, or total impairment of the affected kidney. The same factors, 
which may interfere with the proper execution of phenolsuKonephthalein 
and other excretion tests of renal function, may operate in excretion 
urography. 

3. Beirogradc ’Pyelography . — This method obviously entails cystoscopy 
and ureteral catheterization. The method is practically indispensable 
for the accurate localization and identification of upper urinaiy tract 
disease. In my opinion, the only contraindications to retrograde pj’elog- 
raphy are: (a) patients who do not tolerate instrumentation (i.e., aged, 
infirm, severe cardiac patients, etc.) and (b) hopeless patients in whom 
surgical interference is not possible and further information is un- 
necessary. With the perfection of eystoscopic instruments, refinement 
in eystoscopic technique, and development of innocuous pyelographic 
media, urologists no longer hesitate to perform bilateral pyelography. 
As a result of these advancements, we are now able to establish the cor- 
rect diagnosis in the vast ma.iority of eases. Ketrogi-ade pyelography 
is the most accurate procedure at our disposal in the diagnosis of renal 
neoplasms, ]iolyey.stic disease, renal tuberculosis, and renal and ureteral 
calculi. It is the only reliable method for the graphic demonstration 
of the extent of the changes produced in the kidney by infection and 
c;dcnli. Incomplete filling defects arc not as likely to occur with this 
method, and in doubtful cases complete distention of the pelvis can be 
assured by employing pyeloscopy prim- to i\velogrnphy. One cannot 
emi)hasizo too strongly the value of urcteropyolograms taken in the 
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T]ie value of each ui'ographic procedure is dependent to a great extent 
upon tlic accuralc and skillful interpretation of tlie A'arious urograms 
■which conics only through long experience with the normal findings and 
a familiarity with the various deformities and eliangcs characteristic 
of early or late pathologic conditions in the urinary tract. Eveiy 
patient subjected to any of the above procedures must be properly pre- 
jiared in order to obtain good clcai* pictures devoid of shadows of collec- 
tions of gas which ma.v obscure or distort the urinaiy tract. 

1. Plain Pocni gcnogrnm . — A plain rocntgenogi’am of the abdomen 
taking in both kidneys and ureters as ivell as the bladder and prostate 
is indicated as a routine diagnostic measure (a) in every patient sus- 
jiected of having a urologic lesion, (b) in every ease of essential hyper- 
tension, and (c) in patients with vague abdominal symptoms or in- 
distinct. masses. In this many asjnnptomatie or unsuspected cases of 
urinaiy litliiasis, tuberculosis (with calcification), and renal neoplasms 
(with calcification) will be I’ecognized which preinously were errone- 
ously diagnosed as some lesion of the gastrointestinal tract; i.e., ap- 
pendicitis, cholcc 3 ’^stitis, cholelithiasis, diverticulitis, etc. A plain film 
maj' also reveal changes in the adjacent osseous strictures which may 
have a significant diagnostic bearing on the case; i.e., changes in outline 
and density of vertebrae associated with arthritic or metabolic diseases, 
the presence of nietastases in the vertebrae, ribs, and pelvis from a neo- 
plasm within the genitourinary tract, or congenital or acquired develop- 
mental defects in the vertebrae associated with neurogenic disturbances 
in the urinaiy tract. 

Great care must be exercised in dififerentiating calcified shadows over- 
lying the kidnejq ureter, bladder, and prostate in the absence of a com- 
plete urologic stud.v, for not infrequently'’ gallstones, calcified mesenteric 
ly^mph nodes, phleboliths, and papillomas are confused Avith or con- 
sidered as eAudence of renal, ureteral, or vesical calculi. The diagnosis 
is further complicated ly the fact that the subjective findings associated 
Avith these extraurinaiy lesions maj'' often simulate urologic lesions. It 
may^ be extremely^ difficult to interpret correctly’’ the outlines of intra- 
peritoneal and retroperitoneal tumors as distinguished from the normal 
or enlarged kidneys or vice versa. In all such doubtful eases, an accurate 
diagnosis can be established only b.y resorting to other urologic diag- 
nostic methods. 

2 Intravenous Urography. — Excretory’’ urogi-aphy is of gr-eat value as 
a routine procedure in every case of essential hypertension and in 
puzzling urologic cases presenting atypical or vague symptoms. It is 
articularly valuable in those eases in AA’hicli cystoscopy is eontra- 
? (jicated or impossible for various reasons. It has proved to be the 
t and frequently the only method for the demonstration of congenital 
r of kidneys and ureters. Tliis method also provides an cx- 
^eans of studying the function and dymamics of the kidneys. 

a‘ d ' st clearance test as de.scribed by Smith and his associates is 
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obstruction of both ureters by intrinsic lesions (i.e., stones, tumors, or 
strictures) or extrinsic lesions (i.e., infiltrations from uterine carcinoma) 
which are known to respond well to the institution of good urinary 
drainage by catheterization or appropriate surgical measures. Further- 
more, urologists and clinicians must not overlook the fact that many 
cases of hypertension associated with imilateral or bilateral renal dis- 
eases exist in which reduction of arterial blood pressure cannot be ac- 
complished by operation but in which relief from other distressing symp- 
toms and general improvement may occur after operation. The sjmp- 
tomatic relief obtained after nephrectomy or nephrostomy in eases of 
large infected hydronephrosis or calculous pyonephrosis, even in the 
presence of a lesion in the opposite kidney, is too well knovui and too 
dramatic to justify withholding appropriate surgical treatment Avhieh 
may not have the least influence on the accompanying hypertension. 
Conservation of kidney substance remains today, as in the past, a con- 
sideration of fundamental importance whenever it can be effected with 
a reasonable degi'ee of respect for the future comfort and safety of the 
patient. 

Cases of hypertension associated with unilateral renal disease are 
occasionally encountered which fulfill the above criteria for surgical in- 
tervention but which either fail to respond to nephrectomy or are fol- 
lowed by a temporaiy or slight reduction in blood pressure with sub- 
sequent return to the preoperative level. Although an explanation of 
such untoward results is not always available or forthcoming, several 
possibilities suggest themselves: (1) the existence of a primary factor 
of extrarenal origin which has been overlooked; (2) the existence of 
arteriolar changes in the oi)posite kidney or elsewhere in the body which 
cannot be detected by our present diagnostic methods; and (3) heredi- 
tary hypertensive factor which has been suggested by Hines to explain 
why some ]3atients develoj) hypertension as a result of a specific uni- 
lateral renal disease, and others do not, but also why some hj’pertensive 
patients fail to respond to nephrectomy. 

Unfortunately, a certain amount of unwarranted enthusiasm has 
been engendered by tlie early reports of cases of hypertension associated 
with unilateral renal disease wliich were successfully treated by 
nephrectomy. One gains an entirely different outlook after analyzing 
the recent comprehensive reports of Schroeder and Fish and of Braasch, 
Walters, and Hammer which include a careful follow-up study of the 
blood prc.ssure over long ])eriods of time after operation. Their results 
have shown that nephrectomy is by no means a panacea and that its 
indiscriminate use is certain to be followed by the needless sacrifice of 
much valuable, though damaged, renal tissue and often with a disastrous 
result to the ])atienl. In the treatment of hypertension associated with 
unilateral disea.se. it behooves the clinician and surgeon (1) to evaluate 
and correlate the clinical and urologic findings in order to select eases 
suitable to surgical treatment and (2) to weigh assiduou-sly the relative 
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iceunibciit jiud upright positions and of an eight-minute retention film 
in tlie diagnosis of nepliroptosis. Stereoscopic pyelograms are particu- 
larly helpful in the localization of renal calculi and in the diagnosis of 
renal neoplasms. 

4. Fcnrcnal Imiifflaiioii . — This method was introduced by Carelli in 
1921 as a means of obtaining better contrast between the kidney and 
the surrounding tissue. In 1921 Quinby and in 1935 Cahill adopted the 
])roeedure for outlining the adrenals in cases in which these glands were 
suspected of hyt^ertrophy or neoplasm. It has also been employed by 
numerous investigators in cases in which the adrenal gland was sus- 
pected of being the cause of paroxysmal hypertension. While this pro- 
cedure is generally more useful in the diagnosis of adi’enal enlargements 
than other methods, i.e., intraperiloneal air injeetions and intra-arterial 
injection of colloidal thorium oxide, it should not be adopted as a routine 
measure, as several cases of death from embolism have occurred fol- 
lowing perirenal insufflation. The technique is simple and easily 
carried out in the x-ray room with a minimum amount of discomfort to 
the patient. 

Criteria for Surgical Interitention. — It is extremely difficult to de- 
termine exactlj’ which type of case of hypertension and unilateral renal 
disease is suitable for operative treatment. The experience and results 
of other surgeons emphasize the fact that an intensive study of each 
case is essential in order to select cases amenable to this form of therapy. 

As a result of their extensive clinical study and a limited but well- 
1 ‘ounded surgical experience, Schroeder and Fish have proposed five 
criteria to aid in the selection of cases for surgical treatment. I am 
of the opinion that these criteria admirably fulfill the irecessary clinical 
and surgical requirements and urge their adoption by every genito- 
urinary surgeon called upon to treat such cases : 

1. The arterial hypertension must be of recent origin (arbitrarily 
placed at two years). 

2. The renal lesion must be confined to one kidney and must have 
produced a diminution in the frrnction of this Iddney. 

3. The combined renal function of both kidneys, as determined by 
urine concentration and urea clearance tests, must be within normal 


limits. 

4. Retinitis should be absent and the changes in the retinal vessels 
should be minimal. 

5 The arterial blood pressure must be persistently elevated. 

It must be remembered that the above criteria are applicable only to 
the employment of nephrectomy in the treatment of cases of hypertension 
d le to unilateral renal disease and must not be interpreted as excluding 
from appropriate surgical treatment the large group of urologie cases 
^ -tl livnertension resulting from bilateral renal disease secondary to 
wit 1 J I xipper or lower urinary tract. For example, these 

obstruc ion ;,,tpnded to cover cases of prostatie enlargement or 
criteria are not mi-c 
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Table I 


RELATIVE Incidence of Hvpebteksios in 1G7 Cases of Unilateeal Benal 
Disease Treated by Nephrectohy 


UNILATERAL 

RENAL 

DISEASE 

ALL 

CASES 

HYPERTENSIVE CASES 
(SYSTOLIC B.P., 145 MAt. OR MORE) 

NO. 

% 

Neoplasm 

24 

3 

12.5 

Tuberculosis 

15 

3 

20 

Pyelonephritis 




A. Acute 

9 

1 

11-1 

B. Chronic 

9 

1 

11.1 

Stone 1 




A. AVitli Infection 

44 

13 

30.2 

B. Without Infection 

9 

1 

11.1 

Hydronephrosis 




A. Uncomplicated 

4 

0 


B. Complicated 

16 

3 

1S.7 

Pyonephrosis 

21 

o 

14.2 

Traumatic 

3 

0 


Miscellaneous 

13 


7.6 

A. Polycystic 2 


1 


B. Ectopic Kidney 3 


0 


C. Solitary Cj'St . 2 


0 


D. Perirenal Cyst 2 


0 


E. Hypoplastic Kidney 3 


0 


P. Horseshoe Kidney 1 


0 


Total 

167 

2.^ 

17,3 


In Table I, I have classified the various pathologic lesions encountered 
and have indicated the relative incidence of hypertension in each group. 
As was to he expected, the incidence of hypertension varied widely in 
the different renal diseases. The percentage was highest in cases of 
renal calculi accompanied by chronic pyelonephritis. In this group of 
44 cases of renal calculi with chronic renal infection the pathologic 
diagnosis was chronic pyelonephritis in 33 cases and pyonephrosis in 
II cases. Hypertension was present in 10 cases of stone and chronic 
pyelonephritis and in 3 ca.scs of calculous pyonephrosis. We were 
greatly impressed hy the fact that hypertension occurred most fre- 
(lucntly in patients with chronic renal infection; viz., chronic pyelo- 
nephritis with or without stone, pyonephrosis with tuberculosis. Our 
clinical and pathologic findings substantiate the observations of Braasch, 
Walters, and Hammer: i.e., (a) chronic renal infection, accompanied 
by extensive atrophic changes in the renal parenchyma and sclerotic 
changes in the smaller renal vessels, is an imiiortant factor in the dc- 
vplo])mcnt of liypertcnsion; and (b) the other clinical features of 
chronic renal infection, i.e., severity, duration, impaired renal function, 
l\vuria, and ]\vclograiihic cliangcs, do not appear to exert any ap- 
preciable influence upon the development of ln']iortcnsion. The one case 
of hyiicrtension associated with renal calculus without accompanjing 
venal infection occurred in a male, 64 ycai-s of age, who had hypertensive 
cardiovascular disease. Tn our experience acute renal infections are 
rarely aceomjianied hy hypertension as evidenced by tlic fact that pre- 
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Tiicrils and efficacy of tlie various sur{;ieal procedures. It must be con- 
stantly boi'iic in mind that nephrectomy is indicated only in carefully 
selected ea.ses, as mentioned above, and is contraindicated in otliers. For 
example, neplircctomy offers no hope of reducing; the blood pressure in 
cases of hypertension of extrarcnal origin in which the presence of a 
unilateral renal disease bears no efiologic significance but merely repre- 
sents a coincidental or accidental finding, Braaseh, AValters, and Ham- 
mer have a])tly summarized the contraindications to nephrectomy in 
cases of hypertension associated with unilateral renal disease. They 
maintained that nephrectomy should not he employed in the presence of 
(1) extensive bilateral renal disease, (2) extensive secondary degenera- 
tive changes in other organs, (3) advanced renal insufficiency, and (4) 
a serious unrelated but inoperable lesion elsewhere in the body. 

SUaiMARY OP PRESENT SERIES OP CASES 

I have undertaken a review of 167 consecutive nephrectomies per- 
formed on the urologic service of the Sinai Hospital in the ten-year 
period Jan. 1, 1930, to Dee. 31, 1939, in order to determine (a) the rela- 
tive incidence of hypertension in advanced unilateral renal disease, (b) 
the age and sex distribution, (c) the immediate and late effect of 
nephrectomj' upon the h 3 'pei’tension in such cases, and (d) the correla- 
tion of the clinical findings and postoperative course of hj'pertension 
with renal parenchymal and vascular changes. I am cognizant of the 
limitations and dangers of drawing anj' definite conclusions from a small 
series of eases but present the following data in the hope that it will 
contribute in a small measure to the sum total of our knowledge of this 
subieet. 

A. Relative Incidence of HypeHension in Unilateral Renal Diseases . — 
In our clinic it has been the custom to consider a state of hj^pertension 
to exist in a given individual if the sj'stolic blood pressure exceeded 
145 mm. Hg and the diastolic pressure showed a corresponding increase 
usually above 90 mm. Hg. In this studj^ I accepted the "mean” of all 
knowm preoperative blood pressure readings as the correct blood pres- 
sure of the patient whenever such data wmre available. However, in 
some instances we were forced to rel,y on a single blood pressure de- 
termination wdiich was usually taken on the day before operation, i.e., 
several hours after admission to the hospital, and consequentlj^ the latter 
readings may be a few' millimeters higher than normal due to the emo- 
tional stress and strain induced bj' the knowledge of an impending 
operation. 

Hypertension was present prior to operation in 29 (17.3 per cent) ot 
the 167 nephrectomized patients (Table I). This figure is slightly lower 
than that reported by Braaseh, Walters, and Hammer, who observed 
1 mertension in 315 (18.4 per cent) of 1,684 patients subjected to renal 
suro-ical procedures and in 195 (20 per cent) of a random group of 975 
consecutive adult patients. 
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Operative hypcilension was ])resenl in only 1 of 9 cases of acute surgical 
infections of the kidney; i.e., acute pyelonephritis with or without 
pcrincphritic abscess and renal carbuncle. Furthermore, there is some 
doubt as to the exact etiologie factor responsible for the hypertension 
in this 1 ease as the patient was a female 60 years of age, rvho had been 
treated for hyjiertension for several years hut was admitted and 
operated uimn for an acute pyelonephritis and perinephritic abscess. 

It is difficult to attach any significance to the high incidence of hyper- 
tension in renal tuberculosis in our small series. How'ever, it is interest- 
ing to note that 2 of the 3 patients with hypertension had been previously 
treated for pulmonary tuhei'culosis in sanatoriums and had clinical evi- 
dence of active tuberculous lesions in other organs at the time of 
nephrectomy. 

The incidence of hypertension in cases of hydronephrosis complicated 
by renal infection, ureteral stricture, and peripelvic adhesions wms 
rather striking. Two of the 3 eases were encountered in our youngest 
patients, aged 19 months and SYo years, who had congenital valves of 
the postei'ior urethra with bilateral hydronephrosis and eongenital 
ureterovesical stricture, respectively. The third patient was a male, 
52 years of age, wiio had a large infected hydronephrosis due to a stric- 
ture at the ureteropelvie junction. 

There were only 3 cases of hypertension associated with renal adeno- 
carcinoma in our series of 24 cases. These occurred in men past 50 years 
of age; viz., 52, 62, and 63 years. One patient had a calculus in the 
renal pelvis in addition to the renal neoplasm. In our series of 24 cases, 
the neoplasm w’as of the hypernephroid type of adenocarcinoma, with 
the exception of 1 case of papillary carcinoma of the renal pelvis. 

B. Age and Sex Distribution . — It is difficult to evaluate the influence 
of age as a factor in the development of hypertension in so small a series 
of eases, particularly since 105 patients w'ere below' the age of 50 years. 

In our study the factor of age was particularly significant in explain- 
ing the comparative!}' high incidence (12.5 per cent) of hypertension 
in the group of 24 neoplasms since 18 of these patients were over 50 
years of age and the 3 hypertensive patients w'ere in this age group. 
The age may be considered an important factor in explaining the high 
incidence of hypertension in association w'ith chronic renal infection 
since 11 of 15 patients w’itli renal tuberculosis were below the age of 40 
y'cars and 25 of 44 patients w'ith stones accompanied by chronic p.yelo- 
nephritis were below' the age of 50 years. The youngest hypertensive 
natients were tw'o boys, 19 months and SYo years of age respectively, who 
Ld nephrectomies performed for infected hydronephroses. The oldest 
/'^'pertensive patient was a male, 64 years of age, w'ho had a kidney re- 

j wononcp of hematuria due to a renal calculus hut also suffered 
moved because ui. 

from luTcrtensive cardiovascular disease. 
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PEEOPERATIVE 

DIAGKOSIS 

PATHOIjOGIC 

DIAGNOSIS 

DEGREE 

OF vas- 
cular 

CHANGES 

REMARKS 

Mi 

Hydronephrosis 

Acute and chronic 
X)yelonephritis 

-H* 

Slight permanent impro\ ement in 
blood pres^re; plastic opera- 
tion on left renal pelvis 3 mo. 
previously 

, Chronic pyelonephritis 1 
(L) 2 

. Solitary cyst (L) 2 

. Chronic pyelonephritis 
. Cortical abscesses 
. >Solitary cyst 


Temporary improvement lor o 
weeks followed by gradual ele- 
vation above preoperative 
level; died of cardiorenal in- 
sufficiency 4% mo. after opera- 
tion 

. Pyonephrosis (R) 1 

. Tuberculous p y o n e- 
phrosis 

. Chronic pyelonephritit.] 

-H- 

Slight improvement in blood 
pressure; marked improvement 
in general health 

. luherculoushitlney^R) 

1 . Tuberculous ureter (R) 

1. Tuberculous bladder 



.Marked permanent inijirovenitnt 
in blood pressure to date 

. Tuberculous p y o n e- 
phrosis (R) 

!. Tuberculous epididy- 
mitis (B) 

i. Tuberculous orchitis 

(I-) 

. Tuberculous kidney 
i. Tuberculous orchitis 

-it 

Marked permanent improvement 
in blood pressure to date (left 
orchidectoniy 2 mo. preNUOusly) 

1. Renal calculi 

2. Chronic pvclonepliritis 

(R) 

S. Stnctuie at urcterc- 
pelvic junction (R) 

r. Chronic pyelonepluritis 

2. Kidney infarcts 

3. Renal "calculi 

+ . 

Slight improvement in blood pres- 
sure; marked improvement in 
general health 

1. Calculous pyonephro- 
sis CL) 

1. Chronic pyelonephritu 

2. Renal calculus 


Slight improvement in blood pres- 
sure; marked improvement in 
general health 

1. Chronic pveloncphritir 

(R) 

2. Renal calculi (R) 


4-r 

Slight improvement in blood pres- 
sure ; secondary ureterectomy 
3 mo. later; marked improve- 
ment in general health 

1. Calculous pyonephro- 
sis (R) 

1, Pyonephrosis 

2. Renal calculi 

-H- 

Slight improvement in blood pres- 
sure; marked improvement in 
general health 

1. Ronul ciUcuU (R) 

2. (R) 

1. Chronic pyelonephritis 

2, Pyonepshrosis 
■5. Rerml calculi 

4-H-r 

Slight temporary improvement in 
blood pres.sure followed by 
gradual return of jircoperative 
level 

1. Multilocular hydrone- 
phro-iis (K) 

1. iliiltiloculur hydro- 
nephrosis 

2. Chronic piyelonephritis 


Slight improvement in blood x)rcs- 
sarc; marked improvement in 
general he.altli (exploratory 
laparotomy 40 days previously) 

1. Pyonephrosis (B) 



Slight improvement in blood pres- 

sure; marked improvement in 
general health 

1. Pyonephrosis (R) 

1. Pyoni’j)liro5i.« 

■ 

Slight improvement in blood pres- 
sure; marked improvement in 
general be.altb (right nephro- 
lithotomy 3 mo. premously) 

1. llyperncphriimn (R) 

B Hypernephroma 

2. Chronic Jiyelonephritis 

3. Chronic nephritis 



1. IlyiMTncphroina (B) 

1. llyjHTneplironin 

2. Ri'ntil ralculu? 


Slight improvement in blood pres, 
sure; slight improvement in 
general health 

B llyiH'rni’phroma tB) 

HyjM'mejiAirninu 


.Slight improvement in blood pres- 
sure (died 1 yr. after opera- 
tion of c.ardiac failure) 
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The failure to obtain a striking or prolonged reduction in blood pres- 
sure following this form of therapy in the latter two groups may be 
attributed to either one or both of the following reasons; (a) the re- 
moved kidney was not the sole etiologie factor responsible for the hyper- 
tension, or (b) hypertensive vascular changes were present in the op- 
posite kidney or in other organs which were not discernible by our 
diagnostic measures but which had progressed to a permanently ir- 
reversible status and militated against a good result. 

lYe feel that a guarded prognosis must be given in every ease of 
hypertension in wiiich the removal of a diseased kidney is contemplated 
in view of the fact that a complete relief of liypertension or a marked 
permanent reduction in i)ostoperative blood pressure is obtained in 
comparatively feu cases; whereas, a slight temporary or i)ermanent re- 
duction is to l)e expected in the majority of eases. However, we are con- 
vinced that eom])lete relief of hypertension can be expected in carefully 
selected cases which fulfill the preoperative criteria proposed by 
Schroeder and Fish for the selection of cases suitable for nephrectomy. 

D. Correlation of Renal Parenchymal and Vascular Changes ^y{th the 
Preoperative Clinical Findings and Postoperative Blood Pressure . — 
■\Yith the assistance of the liospital pathologist. Dr. T. Yfeinberg, a spe- 
cial study uas made of gross and microscopic features of each operative 
specimen in the 16 follow-up cases. Particular emphasis was placed 
on the degi'ce of acute or chronic inflammatory clianges, parenchymal 
atrophy, and vascular changes in small renal arteries and arterioles 
in each specimen. As a result of this .study, we had hoped to e.stablish 
a relationship between the pathologic finding and the preoperative and 
postoperative hypertension but found we were confronted with a mass 
of data which ai)])eared to be inconsistent and even contradictory in 
some instances. From this measrer amount of information we have 
hesitated to draw any s]ieeific conclusions or to correlate the pathologic 
findings witli the hy]iertcnsion. Xcvertlielcss, certain pertinent observa- 
tions uere made from this limited .series which api)ear worthy of record. 

Every kidney removed in the 16 follow-up cases showed, in addition 
to the primary patholouie lesion, varying decrees of acute and chronic 
inflammatory changes as uell as vascular chaimes in the smaller renal 
arteries ^Ye undertook to classify arbitrarily the dcsrrcc of vascular 
change in eaeli kidney from grade 1 to grade 4 -t. bearing in mind that 
tire degi-ee of vascular danrage. as indicated in a limited number of his- 
tologic sections fi-om each kidney, does not always serve as a true index 
of the degree of ivnal ischemia present. In our experience the best 
i-esnlts from the standpoint of reduction in blood pres,surc wore obtained 
in eases (i e.. Cases 4. .I. and 11) which had the least amount of vascular 
damage and parenchymal atrophy. On the other hand, we have ob- 
seiwed :? eases (Cases (i. 9. and 1:1) in which the degree of vascular 
damage and paienclnmal atrophy was considered as minimal or .scjint 
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Tlie sex disfribulion of the 367 cases is shown in Table II. The cases 
of ii.’i pcrfonsion a.s.sociatcd wifli nnilaleral renal diseases were practically 
equally distributed between the two sexes; viz., 1.5 males and 14 females. 
Eleven of the 34 females with hypertension were between the ages of 
20 and 50 yeai's and belonged to the group of chronic renal infection; 
viz., 2 tuberculosis and 9 stone with chronic pyelonephritis. The rela- 
tively high incidence of hypertension in females with renal calculi 
associated with chronic pyelonephritis may be explained by the frequent 
occurrence of such lesions in women of the childbearing age. Each of 
our 9 patients gave an antecedent history^ of either pyelonephritis of 
pregnancy or renal calculi or infection developing soon after pregnancy 
was terminated. 


C. 27(0 Effect of Nephrectomy Upon Hypertension Associated With 
Unilateral Renal Disease. — A follow-up study of the postoperative course 
of the blood pressure was made in 16 of the 29 cases with hypertension 
as shown in Table III. In analyzing our results we were gi’eatly sur- 
prised to find so few cases obtained a complete relief or a prolonged 
reduction of the hypertension as compared to the early enthusiastic 
reports of remarkable cures of liyqoertension following nephrectomy. 
Our best results were obtained in a relatively small number of eases 
in whom (a) the hypertension and clinical signs and symptoms of renal 
diseases ivei’e of comparatively recent origin (i.e., two years or less), 
(b) little or no impairment of ranal function had occurred, and (c) no 
hjT^ertensive vascular changes were prasent in the opposite kidney or 
elsewhere in the body. 

Our results may be summarized as follows: (1) In everj^ instance the 


removal of the diseased kidney was followed by an immediate but tempo- 
rary reduction of the blood pressure for periods varying from three 
weeks to four months. It is difficult to determine to what extent this 
temporary lowering of the blood pressure is due to physiologic rest and 
inactivity during the period of convalescence or to a change in the 


pathologic physiology of circulation resulting from the removal of one 
hypertensive factor; i.e., the diseased kidneju (2) A striking improve- 
ment in postoperative blood pressure, which was manifested by a marked 
permanent reduction lasting from turn to seven years, was observed in 
only 3 cases (Cases 4, 5, and 11). (3) A slight improvement of a perma- 
nent nature was noted in 9 eases (Cases 1, 3, 6, 7, 8, 9, 13, 14, and 15). 
Despite the removal of one hypertensive factor, these patients must be 
considered as remaining actually or potentially hypertensive. (4) Little 
• no improvement was observed in four cases (Cases 2, 10, 12, and 16). 
T] ese patients exhibited a temporary reduction in blood pressure after 
^ ^ hrectomy which was followed in several months or years by a gradual 
P in blood pressure approaching or exceeding the preoperative 
increas . gpggt the clinical course of 2 patients (Cases 2 and 10) 

Ivis strongly suggestive of “malignant” hypertension. 
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6. In some eases the blood pressure returned and remained at a normal 
level follovang nephrectomy which may be attributed to the fact that the 
unilateral renal disease was the primary factor responsible for the hyper- 
tension and that secondary arteriolar changes in the opposite kidney 
or in other parts of the body were absent or had not progressed to an 
irreversible degree. 

7. In other cases, the end results from the standpoint of reduction in 
arterial Irlood pressure were not as striking following nephrectomy; 
i.e., the immediate effect was a transitoiy lowering of the blood pressure 
for a few weeks or months followed by a gi-adual return to the pre- 
operative level. 

8. In a small number of eases, notwithstanding the fact that a definite 
causal relation between the hypertension and the unilateral renal disease 
could be established, neither an immediate nor late reduction in arterial 
pressure occurred after nephrectomy. This may be explained on the 
basis that either the unilateral diseased kidney was not the sole etiologic 
factor or the disease process had been present over a long period of time 
and had caused secondary arterial changes in its mate or elsewhere in 
the body which were responsible for the persistent hypertension. 

9. It is important that an adecpiate period of time, at least one year, 
should elapse following operation before one attempts to evaluate the 
permanency and extent of the reduction in arterial blood pressure. 

10. In view of the uncertain end re.sults and insufficient period of 
observation in the reported cases, there api)ears to be no justification 
for considering nephrectomy as a panacea for the cure of hypertension 
in every case of chronic unilatei-al disease of the kidney. 

11. Every case of hypertension associated with unilateral renal dis- 
ease should be sub.jeetod to a careful and complete urologic study in 
order to select those eases suitable to operation and to prevent the need- 
less sacrifice of renal tissue in those patients who can ill afford to lose 
same. 

12. Every clinician and urologist should recognize the limitations and 
contraindications to nephrectomy in the treatment of lu-pertension 
associated with unilateral renal disease. It must be remembered that 
nephrectomy may bo fatal in cases of hypertension of long duration 
or those whose elinieal course is suggestive of the so-called “malignant 

ur.rnRr.xcES 
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l)nl lollowinn; iiephreelomy onl,v a sliglit improvement in the Wood pres- 
sure of a temporary or permanent nature resulted. We have also en- 
eounteied several i)aticnts, ])arficularly in the group of renal calculi 
aceonpianied Iry elironic iryeloncphrilis and a pyonephrosis, who did not 
have hypertension hut in whom extensive parenchymal and vascular 
clianges were found. Tlie latter findings serve as confirmatory evidence 
of the fact that nrrilaloral renal di.sea.ses accompanied by vascular 
clianges are not the only etiologic factors responsible for the develop- 
ment of hypertension. 

Extensive vascular and parenchymal changes (gi’ade 4-f) were noted 
in 2 patients (Cases 2 and 10), who had the most severe degree of pre- 
ojierative hypertension and obtained poor results following nephrectomj'. 
Undoubtedly tJie reeurrence of the elevated blood pressure in these cases 
after the temporary reduction incidental to the removal of the affected 
kidney may be attributed to the presence in opposite kidney and other 
organs of hypertensii'c vascular changes of an irreversible nature. 

COXCLUSIONS 

It is quite obvious that any clinical deductions, which are based on 
the analysis of the small lumber of cases of hypertension and unilateral 
renal disease reported in the literature and a personal experience limited 
to 16 eases, must neeessarilj' be tentative and guarded. When the knowl- 
edge gained from such clinical surveys is supplemented by the observa- 
tions and results of animal experimentation and pathologic study of 
autopsy material, there appears to be sufficient evidence to warrant the 
following conclusions ; 

1. The diagnosis of "essential hypei'tension ’ ’ should be made with 
great reservations. Every patient with liypertension of unknown 
etiology should be subjected to a comprehensive study of the entire bod,v, 
including a complete urologic study. The value of the latter type of 
investigation is emphasized by the frequent occurrence of urologic 
lesions in hypertensive eases as indicated in recent clinical and statistical 
reports. 

2. The presence of a urologic lesion in a hypertensive patient must 
be cai'efully evaluated from an etiologic standpoint for not infrequently 
such a lesion is coincidental and bears little causal relationship but may 
inflxienee considerably the clinical course of tlie liypertension. 

3. There is a definite causal relation between hypertension and certain 
specific types of advanced unilateral renal disease; i.c., chronic pyelo- 
nephritis, hydronephrosis, ptosis, tuberculosis, Wilms’ tumor, etc. 

4 The same type of lesion occurs in many patients without the 
sligiitest elevation in blood pre.ssnrc. 

5 In certain selected eases appropriate .surgical pvoccclurcs, de.signed 

'e or correct the unilateral renal lesion, Iiavo resulted in a eon- 
sidmWe improvement in blood pressure findings. 
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Review of Recent Meetings 

THE SOCIETY OF UNIVERSITY SURGEONS 

ALEX.VKDER BbUNSCHWIG, ]\I.D., CHICAGO, IlL. 

T HB tliircl annual meeting of tiie Society ol University Surgeons -was lieid at tire 
Barnes Hospital, tVasliington University School of Medicine, St. Louis, Mo., 
Feb. 14 and 15, 1941. 

The meeting rvas opened by Evarts A. Giaham who gave a clinic on the ad- 
vances of thoracic surgery during the past two decades. 

Most of the papers presented at this meeting are to be found in this issue of 
Shroeuy. Brief abstracts of other papers presented at that meeting are sum- 
marised herewith. 

Max Taffel and Sam C. Harvey, Yale University: Effect of Sulfanilamide on 
Wound Healing. — Sulfanilamide did not appear to retard or inhibit the healing of 
stomach wounds in rats. Curves of healing of these wounds ns measured by their 
tensile strength were practically identical in the control and experimental groups. 
Histologic studies of the wounds at each time interval revealed no striking dif- 
ferences in the two groups. The drug was administered orally. 

Max Taffel and W. J. German, Yale University: The Effect of the Local Ap- 
plication of Various Sulfonamides Upon the Brain. — These experiments are still 
in progress and this report is a preliminary one. Siilfnnilamido, snlfapyridine, 
sulfatliinzole, and sulfanilylguanidinc were applied respectively to the brains of 
nunikcys. and histologic examinations made of tlic sites of application after four, 
ten, and tuenty days. In the first group of animnis the drug was placed upon the 
intact pia-arachnoid. In the second group a portion of the cortex was scooped 
out and the drug placed upon the exposed raw cortical surface. The local tissue 
reaction approximately the same for all the drugs. It consisted essentiallv 
nt !> mild foreign liody reaction characterized by the presence of variable 
amounts of muUinucleatcd giant cells which had enveloped crystals of the drug. 
The studies thus far sliow that the cerebral ti«.suc docs not appear to be appreci- 
ably aUerctl liy Ibe presence of the drug. Special stains arc being investigated 
to lerifv this (iiidiug. 

Warfield M. Ftror, .lohns Hopkins University: The Use of Bactericidal Agents 
In the Colon. — Vrclimiuary evidence was obtained to show that suifanilyl- 
giiiimdinc niarhcdiy inhiinted liuetcrinl growth in the colon. The implications for 
colon surgery were discussed. 

Joseph W. Beard, Duke I'niver-ity: PurlDcation and Properties of the Equine 
Encephalomyelitis Vims. — Friide extracts of chick emliryns diseased with equine 
eiiccphiihitiiyolitis troalod with formalin lose all iufectivUy and snbseqvientlv 
possess till' capacity to iiumimire against the active virus. Tlie nature of the 
iiiiiiuiiiizing material has been the subject of mucb stnvly. Information in this 
re-pect liiis been nffnrdcd i.y fornmliralion of the purified virus under controlled 
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Entie Cirujanos y Hospitales (Among Surgeon's and Hospitals) B\ Dr. Jo'se 
Castro Villagrana, ATeMCO Cit-v, 3940, puldi'shcd in Spanish hr the author. 
1 lol , pp 202. 

At tins moment irhen the terms Pan Americanism, Pan Ameucan Union, Pan 
American Congress, etc , aie heard eierjuliere as ttie expression of tlie growing 
importance of Latin American cooperation in harmonizing the common interests 
of tlic democracies of the Western Hemisphere for their mutual good in every sphere 
of their international relations, messages of good mil and professional fratemalism 
are particul.irij nclcome Such is the message convejed bj Dr. Jose Castro Villa- 
grina in his remarkable memoir of travel in American and Europe, entitled Jmonn 
Surffcons mill Bospitnti iihicli is non before us 

It IS surprising that de'pitc the fact that Mexico has become in recent xears the 
migncfie center of attraction to the A.mencan touiist, and despite the enormous 
literature that is piling up on eien phase of Mexican histori and Mexican life, 
there is so little knonn or nrittcn on the medic il institutions and medical activities 
o'f our ncighhormg republic bv the profession on this side of the Bio Grande Dor 
this reason the opinions and observations of a capable and thoroiighlv representa 
tivc observer of our own institutions, even though limited to the surgical sphere, are 
well vvorth.v of extended notice 

This IS a rem irkablj interesting narrative of travel bv a Mexican surgeon gifted 
iiith an artistic temperament and a line «cholarlv eapacifv for describing and reflect 
mg on what ho secs and hears Despite the tot.i] cxdusion of all official titles, the 
author of this memoir (who could disptiv them in profusion) is too well knoivn 
IS one of the outst.mding and most progressive surgeons of the vounger generation 
m Mexico City to rcipiiTc them. 

As professor of surgerj in the fncnltv of the medical school, director and chief 
, , sulgeon of the Juarez Hospital, one of the largest (2,000 beds) and one of the oldest 
m its historical found ition=. Dr Cas(ro Villagrana has been 1 irgely instrumental 
in mtroilucing manv innovations in surgip d cdm.ition and in rebuilding and com 
pletclv modiriuziiig an obsolete old hospital, formerly the San Pablo, vihicli traced 
its origin to a si\teenth century (lotiO) Praiiciscan iliurdi and srhool for Indi ins, 
sirvmg liter as hirncks .ind military hospit il until IsiTI, when it bei ame the 
.Tuiirez Ilospit d 

Resides the epochal ardiilei tiir il mil adiiiinistritive trin'form ition that the 
.111 in/ Iliispit (1 has imdcrgotie during the period of Dr. Cistro Vilkigrana ’s m 
<miitnm}, he his bicn a pioneer md tireless leider in the most recent movements 
til It tend to unifv the surgeons of his country m a constant effort to increase the 
ifluicncy of their hospit il- .i« comnuuuty centers for surgic vl relief and the tTOvning 
of surgeons \1I of this is attistcd bv hm miti itioii and participation in the found 
mg of tin import lilt Surgic d Soudv of .3ii iror, in the X itional Assoi lalnm and 
\s»(inlily of Mixiiui ''urgeoiis the Xitionil Hospit d \ssoiiition, the Me\i< iii 
Society of .kill stlcpicsts, ibo Triiiimg 'school for Xvirsvs, the ist )t>bsbnn ni md 
ih idopriii lit of s,n 1 d servile m hospit iL and m the orgimzitions of the student 
body that tend to fit tin m for the higher resjMinsibilUu s of the ni> dn d jirofi ssion 
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conditions. The product of such procedure has been practical]}' indistinguishable 
by means of the analytical ultracentrifuge from the untreated virus, indicating 
that the essential immunizing component is comprised in the main of an inactive 
formalin product of the viru.s. Under proper eondition.s, an identical material can 
be obtained from the crude vaccines. 

Henry Poer, Emory University; Hymphosarconia of the Duodenum. Case 
Reports. 

Alexander Brunschwig and Richard A. Rasmussen, Univer.sity of Chicago; 
Benign Neoplasia of the Stomach and Diet. — ^Rat.s on varions tj-pes of deficient 
diet develop ulceropapillomns and papillomas of the rumen and true stomach. 
This is a manifestation of a certain degree of malnutrition, the latter being of 
no specific type. 

I. Ridgeway Trimble, .Tohns Hopkins University: The Role of Vasomotor Spasm 
in Peripheral Arteriosclerotic Disease Pollowing Sympathectomy. — forty pa- 
tients with arterio.selerotic peripheral vascular disease, lumbar sympathectomy 
has been performed, vvitii results suggesting that the spastic element plays a 
role in the production of intermittent claudication, pain, and gangrene. 



Book Review 


Entre Cirujanos y Hospitales (Among Surgeons and Hospitals). By Dr. .To.se 
Castro yillagrana, Slexico City, 1940, published in Spanish by the author. 

1 vol., pp. 202. 

At thi.s monieat -ivhcn the terni.s P.an-.Vmerieani.srn, Pan-American Dnion, Pan- 
American Congress, etc., are heard everywhere as tl\e expression of the growing 
importance of Latin-American cooperation in harmonizing the common interests 
of tlic democracies of the M'estern Hemisphere for tlicir mutual good in everj- spliere 
of their international rclation.s, messages of good will and professional fratemalism 
arc particularly welcome. Such is the message conveyed by Dr. .Tose Castro Villa- 
grana in his remarkable memoir of travel in American and Europe, entitled Among 
Surgeons and IlospifnJs which is now before us. 

It is surprising that dc.'‘pite the fact that Mexico has become in recent years the 
magnetic center of attraction to the American tourist, and despite the enormous 
literature that is piling up on every phase of Mexican history and Mexican life, 
there is so little known or written on the medical institutions and medical activities 
oV our neighboring republic by the profession on this side of the Kio Grande. For 
this reason the opinions iind observations of a capable and thoroughly representa- 
tive observer of our own institution.s, even though limited to the surgical sphere, arc 
well woriliy of extended notice. 

This is a remarkably interesting narrative of travel by a Mexican surgeon gifted 
with an artistic temperament and a fine scholarly capacity for describing and reflect- 
ing on what he sees and hears. De.cpile the total exclusion of all official titles, the 
author of thi.s memoir (who could display them in profusion) is too well known 
as one of the outstanding and most progressive surgeons of the younger generation 
in Mexico City to require them. 

As professor of surgery in the faculty of the medical school, director and chief 
suVgeon of the .Tuarez Hospital, one of the large.st (2,000 beds) and one of the oldest 
in its historical foundation.s, Dr. Castro Villagrana has been largely instrumental 
in introducing many innovations in .'surgical education .and in rebuilding and com- 
pletely modernizing an obsolete old ho.spit.al, formerly the Pan I’ablo, which traced 
its origin to a sixtwnth century (l.TfiO) Franciscan church and scho<d for Indians, 
serving later n» barrticks and military ho'.pital tintil I.'S72, when it became the 
.Tuare/ Hospital. 

Besides the epoch.al architectural and administrative transformation that the 
.luarez Hospital has undergone during the jieriod of Dr. Castro Vilhigrana's in- 
cuiidK’acy, he has l>een a pioneer and tireless leader in the most recent movements 
that lend to unify thi> siirgi'ons of his- country in a conslant elTort to increase the 
I'lliciency of their hospital.' as community centers for .surgical relief and the training 
of surgeons. .\11 Ilf thi' is attested by his initiation and participation in the found- 
ing of the imporl.ani Surgical .‘Society of .luarez. in the National .tsswiation and 
.\s-embly of Me\ic;in .sturgeons, the National Iltispital .Vs-ixMatiou, the Jtexican 
.stiK-iety of .\ncslhel i-ts. the Tndning School for Nur.-es, the esljiblishment and 
dewUipment of sis'itvl s,.rvice in ho-pitals and in the oiganirations of the student 
body that tend to lit them fur the higher respoiisihilitie- of the medical jirofc-sinn. 
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Always keenly ulevt and 


responsive to the students’ needs, ;t is not sarpnamg that 


lie sliould ho one of (heir best loved tenebers. 

Cliiefly eonoerned in tho proffress of surfrory and anxious that its teaching and 
practjco aUioinc should not suffer by comparison with tliose of other countries, Pr. 
CaalTo yilapana, following the example of Ids lamented preceptor. Dr. Ulises 

a oz (an lonoraiy follow of the American College of Surgeons), sought oppor- 
unities early m Ins career for observation and technical improvement in the great 
surgical clinics of tho United States. How he gathered a rich harvest by his visits 
to the surgical centers of St. Louis, Chicago, Rochester, Minn,, Baltimore, Hew York 
Citj, and Boston, is graphically told in paragraphs glowing in admiration for the 
work of the hfnyos, Crile, Gushing, Handy, and many others of wliom he speaks 
collectively as tho "Titans” of American .silrgery. He returned to Mexico deeply 
impressed with the splendor and vast resources of American medical schools and 
hospitals, the solidarity and marvelous rise of surgery as a specialt}', the vast 
multiplication of surgical societies, and the creation of examining boards to test the 
qualifications of its candidates for practice; the standardization of hospitals in- 
augurated by the American College of Surgeons, the American Medical Association, 
and witli it tlie enormous progress in surgical and hospital care which these great 
institutions had accomplished. 

Tile opportunities for tho special training and education of surgeons impressed 
him as being greater and more liberal in the hospitals of the United States than 
anj-where else in the ivorld. His admiration for tlie American nurse evokes an out- 
burst of praise, virtually an apotheosis, which could be well quoted in its entirety 
as an eloquent salutatory for a graduating class in American training schools. 

The autlior’s observations in this and other journeys to the United States are 
eharacferizcci by a remarkable clearness of observation, total absence of prejudice, a 
discerning judgment, and a friendly appreciation of what is best in onr institutions. 
That these observations have Iiad their influence in his own country is quite evident 
in the over-expending program of hospital construction and rehabilitation and ptofes- 
aional organization that is so notable in Juarez and other great hospitals of the 
Mexican metropolis. 

Years later, in another journey to the United States, he stopped with several 
members of his staff to study the new Charity Hospital, in New Orleans, La., which 
was then under construction, and the medical institutions of the city, which, more 
than any other in North America, holds tho greatest appeal to the Latin American 
traveller. 

It was then that, through a happy eircuni.stuncc, well described in this hook, Dr. 
Castro Villagrana and bi.s party arranged to meet Hr, Matas whose authority in vas- 
cular surgery had been long lecognized in Mexico, where his operations for the cure 
of aneurysm were taught in the medical .schools. 

IndnbitabV one of the most fascinating chapters of the book i.s the auti!or'.s bril- 
liant portrayal of Dr. Matas. With glyptogrnphie keenness the author first presents 
Ids impression of the general appearance and the noble beneficent countenance of 
Dr Matas. As he unfolds his character study of this master surgeon, there is 
brought to light in gleaming and transpicuous rhetoric hi.s multifaceted charming 
er=onality. fn worshipful admiration he vividij’ portrays Hr. Mat, as’ keen sense of 
humor Ids effervescing vivacity, his beneficent cordiality, bis contagdou.s enthusiasm, 

■ innate modesty, Ids linguistic perfection and facile eloquence, and id.s amazing 

^1 liT of music, art, and. history. In brief biographical .«keteh he trace.* concisely 
n”°'^atas’ successful career from a young surgeon to that noble pedestal reserved 
* whose life has been dei'oted to an eager and unceasing effort to benefit 
for ijoferring succinctly to the numerous innovation.s and advance,* that have 

mankina. sa'^gical enferpri.se, Jii.s pcr-spicaciou.s clinical and cxperinietdal in- 

eharactenzec u - ;„,nloabie contributions on surgery of the vnsculnr system wideli 
vestigations, and l»s 
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have made Ids name iuseparaldy linked with this branch of surgical endeavor, in 
deservedly glowing terms, the author’s tribute clearly reflects the world-wide apprecia- 
tion of Dr. Mata.s. 

The international amenities and friend.sliips that resulted from this visit to ICew 
Orleans and Dr. Matas’ cordial reception are stressed by the author in his reflections 
on the often unsuspected benefits that accrue to the nations from the interchange 
of medical relations, the medical man in his modest sphere ofiiciating as a true 
ambassador of peace in a troubled world sown with the seeds of hatred, discord, and 
destruction. 

In 1938, an opportunity to visit the great surgical clinics of Europe came with 
the triennial congress of the International Society of Surgery (Societe Internationale 
do Chirurgie) held in Brussels, September, 1938, to which ho had been ofScially and 
automatically delegated as chairman of the Mexican branch of this world-wide and 
truly representative international organization. Fiirtliermore, the fact that his 
friend. Dr. Iilatas, as president of the Society, would preside over the congress, gave 
an additional incentive to attend it, 

Tlie narrative of Dr. Castro Villagrana’s odyssey through the surgical clinics of 
Europe begins in London and continues for five chapters devoted to the surgeries 
of the continent, with long stops in Paris, Rome, Bologna, Padua, Vienna, Munich, 
Berlin, Dresden, Hamburg, and ending in the Congress at Brussels, which alone 
furnished him a complete cross section as it were of tiic best in the world of 
surgery. 

Throughout this varied and colorful travelogue, the narrative moves along with 
all the animation of a teclmicolored cinema in whicli the master surgeons of the 
world arc depicted in their typical surroundings and most characteristic bodilv and 
mental attributes. Dr. Castro-Villagrana reveals his artistic, literary, and journalistic 
ability by the case with which he transmutes into words whatever he visualizes. His 
first thought immediately after ids introduction to the surgeon and his clinic, whether 
in his operating theater or in his private study, is to secure a mental snapshot that 
is to serve later for Ids <’omments and reflections on the man and the scene, alwavs 
informatise, biograpldc, and often mcditati%-e and philosophic. In this wav his 
travelogue becomes a portrait gallery of master surgeons and of their characteristic 
environment, all told with a simjdicity, fairness, and kindness, which make his 
irnprcssi<in.-i and juilgments worthy of tnmt and confidence. 

The International Congress at Brus.sels, with its splendid aggregation of the 
elite of European and International Surgery, afforded an excellent opportunitv to 
Dr. Ca.stro Villagrana to exorcise Ids literary talents as a word painter to "rent 
advantage, la fa<'t, his miniature sketches of tiie thirty and more members of the 
Interuatioual committee as-emliled from every quarter of the glnho. seated around 
the council tabic, suggc^^ a large mural of mosaic tablet.s in which the facies of 
each one i.f the delegate- can be plainly recognized in the word jiicture.s of his 


in lid- book the M-ientific proceedings of the Congress, which covered great dis- 
enssums on some of the most vital is.mes in contemporary surgerv (arterial hyper- 
tciiM.m, pulmonary -urgery, hone grafting, etc.) are inierestingiy described 'in a 
languag,- wboh is te.dmically correct and ye| tl.oronghlv intelli'gihlc to nonpro- 
fessiomd readers. The program for the Twelfth Congress, which was to have been 
held m Si.s kholm this Si.ptemls'r ( UMI ) under the Imml management of Dr 
Hybmettc and his Swedish rollcngiies. had In-en planned for n scientific fc-i»t of un' 
suricis-cd nitercst for the surgeons of ,!». world, hut the unexiK-cted deatl. of the 
Inmeated Prof, llxhmctte. no ,loabl preeipitated by the menaee of a Xazi invasion of 
So, .dell, has -hattorisl all j.^o-p.-t of n rongre.ss in Euro,ie for prohaWv some vears 
to come. 1 ortuautcly. the great organization, r.,,,,..!,.,] p, 300 - ^ ' 

tion as imuiiitaMc a. the Rck-U of Ages, and is too well rooted in all civilizc-d 
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oouutlies, inohuliiig the TJnitcfl Stutes anti Canada, to suffer more than a temporary 
suspension of its international functions. 

We may re.st assured that the 8ocicte Intenialionalo tie CJiinirgie will pursue its 
niafpiifieent traditions and manifest destiny when the tempest now sweeping over 
the suffering and delirious world has blown over. 

Pinally, to close this very inadequate notice of Dr. Castro Villagrana’s fine book, 
wc must toucli, if only for a moment, upon his last chapter, "On the Surgeon and his 
Responsibilities, whicli sums up the most profitable lessons of his peripatetic ex- 
perience. 

In the vast surgical panorama unfolded by his travels, he has been struck by 
the constantly increasing importance of .surgery' in the social order, by the solidarity 
of its organizations and by the variety of its practitioners; none seemingly perfect 
but many great, and the greatest always those who never ceased to strive and labor 
honestly and sincerely for their own self-improvement in the service of their fellows 
and their art. 

Whatever his exterior ization.s, the surgeon must possess at least three fundamental 
qualities for success; security or safety, born of knowledge, skill, experience, and 
moral conscience; gentleness, kindnc.ss and tendermess with firmness, which conte.s 
from respect of human life and for the flesh itself, which the surgeon molds, trims, 
and fashions to accompiisli bis onvative and reparative ends; and simplicity, which 
rrroans directnes.s, straight paths, not complicated or circuitous detours in thought 
or action, not burdened with time-wasting superfluities. 

And those are the qualities which, according to tliose who know him best, arc nrost 
distinctive of the author himself. 

In conclusion, Dr. Castro VillagTana has produced a book that honors the surgical 
literature of his country, and that is elevating to the dignity and moral tone of 
surgery in general. In its ideology and literary quality it is essentially the product 
of a Latin mind; in its spiritual uplift, it is the e.xpression of the noblest aspirations 
of mankind as voiced by' one of the most fervent devotees of the cult of Esoulapius. 
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THE TREATMENT OF AVAR BURNS 

SuKGnoK Rear-Admiral Cecil P. G. Wakeley,* C.B., D.Sc., F.R.C.S., 
F.R.S.B., F.R.A.S.C., P.A.C.S., Royal Natal Hospmvu, 

IIakts, Exgl.\kd 


B urns and scalds form probably the earliest ivounds treated by 
mankind. Tliey have been known in ancient methods of warfare, 
and have formed quite a high casualty list in modern campaigns. Tet, 
never until the prc.sont conflict have burns and scalds been so numerous. 
There arc many reasons for fliis great increase. First, the present war 
as tlie Germans arc waging it, i.s a total war, and flic bombing attacks 
are indiscriminate, and therefore the civil population, often women 
and children, may suffer the most. Second, the greatly extended use 
of mechanical transport witli its oil fuel lias been responsible for an in- 
crease in burns and scalds among the general public. Third, in the 
Navy, Army and Air Force, with their greatly extended use of petrol, 
and tile fact that dive bombing on the warship and tank is a common 
jirocednre, the casualties due to burns have multiplied. 

In the war of 1914-18 a large proportion of burn.s in the fighting .serv- 
ices were caused by cordite, largcl.v due to liackflash down the ammuni- 
tion shafts of fighting ships. This cause has been eliminated for all 
practic.-il puriioscs in this war, owimr to the fact that with the present 
mechanical arrangement.s. hackllash is now impossilfic, and so cordite 
burns are rave. Tlie common causes of burns and scalds as seen in the 
present war are petrol, burning oil. phosphorus pipes, elect rie burns 
due to severed enhles or short eireuil.s. Quite a nnmhcr of had burns 
have oeeurred among the fire fighting juu-sonnel. due to the intensive heal 
of burning buildings ignited by iniTiidiary bombs. In a l.arge collection 
of cases burns and scalds arc the only injury present, yet on tbe other 
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hand, tliore are ahva,ys a number of cases both among the civilian popula- 
tion and in the figliting services, where the burns are complicated by open 
wounds or fractures. However in quite a proportion of burns in the 
Royal Na\y the commonest complication is “blast lung” a condition 
which varies from a triviality to a most serious and fatal manifestation. 
Another complication which is not too well-known is fat embolism ; this 
is found to be present in 40 per cent of burn cases which have proved 
fatal. 

In times of peace the treatment of burns is quite standardized and 
straightforward, and most of the cases receive hospital treatment with- 
in one hour of the accident; therefore tlie results should he better 
and the mortality lower than those treated under war conditions. 
Again burns and scalds in peacetime are frequently the only lesion to 
be treated wdiile in modern warfare there are often assoeiated injuries. 
In this war there is the added complication of blast injuries both in 
civilian and service burns, because so many are caused by bomb flash. 

During the last fifteen years much research has taken place concern- 
ing burns. This was initiated by Davidson, of Detroit, in 1925, who in- 
troduced tannic acid in the treatment of burns. The coagulation of the 
burnt area by tannic acid reduced the mortality of burns enormously, 
and prior to the war -was universally used for all cases with great success. 
Howmver, under w'ar conditions burns do not ahvays get immediate at- 
tention and sepsis is a very common complication. 

CLASSIPIC.\TION OF BURNS 

Dupuytren described six different degrees of burns as follows; 

The first degree consists merelj’’ in a scorch or superficial congestion 
of the skin, wdthout destruction of tissue; the part may for a time I’c- 
main red, painful and prone to ulceration. 

In the second degree the cuticle is raised from the cutis, and a bleb 
or blister results. Wiien this bursts, and the cuticle is removed, the 
cutis vera, red and painful, is exposed below. 

In the third degree the cirticle is destroyed, as is also part of the cut is 
vera, but the tips of the intcrpapillary processes, including the ex- 
quisitely sensitive nerve terminals, are laid bare and left intact ; conse- 
quently this is the most painful form of burn. The deeper .struclurcs 
of the skin, viz., the sweat and sebaceous glands, and the hair folliclc.s-, 
are not destroyed, so that although the surface during the healing process 
becomes covered wdth granulations, since there arc so many surviving 
epithelial elements from which it can grow, the integument is very 
rapidly replaced. The cuticle is able to form, not only from the edge, as 
must occur whenever the whole of the cutaneous envelope is destroyed, 
but from innumerable foci scattered over tlic wound surface. The re- 
sulting scar, tliough often white and visible, undergoes no contraction; 
it is supple and elastic from containing all the elements of the true skin. 
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In the fourth degree the whole thickness of the integument is destroy ed 
as wen as part of the suhcutaneons tissues. In the fifth the muscles 
are also involved, whilst in the sixth the whole limh or other affected part 
is completely charred and disorganized. 

■While this classification has been in use during the last one Imndi-ed 
years, yet it is a little too cumbersome and from a practical standpoint 
it is better to consider only three degrees : the first being an erythema, 
the second causing destruction of the epidermis with or without vesica- 
tion, the third degree causing destruction of the whole skin and possibly 
some or all of the deeper tissues. 

The treatment of burns is in reality a threefold problem. First, the 
saving of life ; second, the local treatment of the burned areas ; and third, 
the preservation of function of the parts involved. 

In every case of burns there is always some shock present and this 
must he dealt with before anj" form of local treatment is attempted. 

TKE.VTMENT OF SHOCK 

This consists in the early administration of morphia in adequate doses, 
lilen require % gr. and this should he repeated if pain is not relieved. 
Warmth and rest are just as essential as the relief of pain and can he 
easily given under most conditions. Shock cradles and electric blankets 
are most useful in warming up shocked patients. Fluids by mouth 
.should be encouraged hut in extensive burns this is not sufficient in itself 
to make up for the plasma lost from the surface of the biu-nt area and 
for that which accumulates in the tissues. By animal experiment it has 
been shown that this plasma loss is greatest in third-degree burns, 
and amounts to over 70 per cent of the total blood volume in cases in 
which one-sixth of the body surface has been burnt. 

The amount of plasma lost from the surface of the burnt area is quite 
small in comparison Avith the amount that accumulates in the tissues. 
This fluid imbalance is a shift of fluid rather than an e.xternal loss. The 
result of this fluid shift is a definite fall in blood pressure. Tissue 
fliuds deficient in protein pass into the blood vessels in an attempt to 
maintain the Aulume of plasma in circulation ; this, hoAA'CA’er, results in a 
loAA-ering of the concentration of protein in the plasma. There is also 
a Jiigh urinary output of nitrogen due to the destruction of protein. The 
plasma loss causes a very definite hemoeoneentration and it has been 
quite common to find that the hemoglobin percentage is 120 to 140 in 
extensive burns in the Royal Navy. The introduction of citrated plasma 
and reconstituted serum has reduced the mortality of war burns verv 
considerably. Dried serum can be carried on any Avarship and it can 
easily and readily be converted into fluid by the addition of the requisite 
amount of distilled water. The reconstituted serum may be of normal 
concentration, tAvice normal concentration or four times normal con- 
centration (Fig. 1). 
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hand, tlierc arc always a nninber of cases both among the civilian popula- 
tion and in tlie figiiting services, where the burns are complicated bj’’ open 
wounds or fractures. IIoAvever in quite a proportion of burns in the 
Royal Navy the commonest complication is “blast lung” a condition 
which varies from a trivialitj’- to a most serious and fatal manifestation. 
Another complication which is not too well-known is fat embolism; this 
is found to be present in 40 per cent of burn cases which have proved 
fatal. 

In times of peace the treatment of burns is quite standardized and 
straightforward, and most of the eases receive hospital treatment with- 
in one hour of the accident; therefore the results sJiouId be better 
and the mortality lower than those treated under war conditions. 
Again burns and scalds in peacetime are frequently the only lesion to 
be treated -while in modern -(varfare there are often associated injuries. 
In this war there is tlie added complication of blast injuries botli in 
civilian and service burns, Imeause so many are caused by bomb flash. 

During the last fifteen years much research has taken place concern- 
ing burns. This -was initiated by Davidson, of Detroit, in 1925, who in- 
troduced tannic acid in the treatment of burns. The coagulation of the 
burnt area by tannic acid reduced the mortality of burns enormously, 
and prior to the war was universally used for all cases with great success. 
However, under -^var conditions burns do not ahvays get immediate at- 
tention and sepsis is a very common complication. 


CLASSIFICATION OF BURNS 

Dupuytren described six different degrees of burns as follows: 

The first degree consists merely in a scorch or superficial congestioji 
of the skin, without destruction of tissue; tlie part ma}’- for a time re- 
main red, painful and prone to ulceration. 

In the second degree the cuticle is raised from the cutis, and a bid) 
or blister results. When this bursts, and tlie cuticle is removed, the 
cutis vera, red and painful, is exposed below. 

In the third degree the cuticle is destroyed, as is also part of the cutis 
vera, but the tips of the interpapillaiy processes, including the ex- 
quisitely sensitive nerve terminals, are laid bare and loft intact; conse- 
quently this is the most painful form of burn. The deeper striieinrcs 
of the skin, viz., the .sweat and sebaceous glands, and the hair follicles, 
are not destroyed, so that although the surface during the healing jn’occ.ss 
becomes covered wdth granulation.s, since there are so many surviving 
epithelial elements from wdiieh it can grow', the integument is very 
"dly replaced. The cuticle is able to form, not only from tlic edge, as 
^ ^t occur whenever the whole of the cutaneous envelope is destroyed, 
rTfinm innumerable foci scattered over the wound surface. The rc- 
ij^ough often while and visible, undeigoes no conti'action ; 

suiting sci , fi fj containing all the elements of Iho true .skin, 

it is supple anci eiasuc 
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Table I 


HEMOGLOBIN 

% 

HALDAN'E 

BLOOD VOLUME 
(UTEBS) 

PLASMA VOLUME 

(liters) 

ESTIMATEB DEFICIT 
IX PLASMA VOLUME 
(C.C.) 

100 

5.0 

3.0 

- 

105 

4.75 

2.75 

250 

110 

4.55 

2.55 

450 

115 

4.35 

2.35 

650 

120 

4.15 

2.15 

850 

125 

4.0 

2.0 

1,000 

130 

3.S5 

1.S5 

1,150 

135 

3.7 

1.7 

1,300 

140 

3.55 

1.55 

1,450 

145 

3.45 

1.45 

1,550 

150 

3.35 

1.35 

1,650 


For those cases in n'hich shock is severe intravenous adrenal cortical 
hormone (cortin) 2 e.c. should be given repeatedly, and oxygen admin- 
istered by a Boothby mask enables the patient to obtain this in the 
alveolar air. In cases u'hich are complicated by “blast lung” this form 
of administering oxygen is most advantageous. In the Navj-, mhere 
Boothby masks have been in use for all badly shocked burn eases, their 
value has been inestimable. 

First-Aid Treatment. — Not until antishock measures have been in- 
stituted should anj' local treatment be attempted. Preliminary cleansing 
is often impossible as a first-aid meast7re on board ship during action, 
or the inside of a tank or aircraft, therefore the use of one of the 
medicated jellies which are soothing in their application is indispensable. 
Gentian violet and merthiolate, amertan jelly, tannafax oi’ tannax, all 
ha\ e their advocates, but my preference is the gentian violet preparation. 
The jelly should be liberally applied on two or three layers of gauze 
which are then placed over the burnt area and retained by a few turns 
of a bandage. This first-aid dressing can be left in situ until the patient 
leaches hospital, unless any areas are seen which have become moist and 
then they should be retanned with the jelly. Burns of the face, although 
the gentian violet preparation aiiswei’s quite well, are probably better 
treated with cod-liver oil, which is not onlj' an antiseptic but has a hMi 
vitamin content. If the eyes are burnt, drops of castor oil containing 
1 per cent cocaine should be instilled. 

In those cases in which associated injuries are present, such as a 
wound or a fracture, the gentian violet jelly should be applied to the 
u ound as well as to the burn. If the extremities are involved and com- 
pound fractures are present, the limb should be put up in plaster of Paris 
after the wound and burnt areas have been liberally dressed with the 
gentian violet jelly. 

Hospital Treatment.— Some cases of burns will arrive in hospital after 
first-aid treatment has been carried out while others will be admitted 
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Any patient suffering from burns must have his hemoglobin estimated 
and if the percentage is above 100 then plasma should he given. Witts 
recommends the giving of plasma to any patient in whom the hemoglobin 
IS 10 per cent above the probable previous value; if this was 100, the 
pltisina loss Ctin be CtilculfitGcl from tlic formula ; 

5 

100 5 - X where x is the plasma lost in liters. 



Fie:. 1. — Dried human serum. Each bottle contains the dried solids from 200 ex, 
of human serum. SoItUioyi: To reconstitute add under sterHe precautions nonpj'og’cmc 
sterile distilled water ; i.e., B.P. distilled water autoclaved immediately after distilla- 
tion. The levels for the different concentrations to which the bottle should be flllcu 
are indicated on the side of the label. Solution at four times normal concentration 
takes about sixty minutes, at normal concentration about ten minutes. With concen- 
trated solutions, the rate of transfusion should not exceed 50 c.c. in ten minutes. 
Blood Group: The serum is from Blood Group A, but experience ha.s shown that It 
can be given to all blood groups with safety, (Preliminary typing is therefore not re- 
quired ) The serum must he given very shortly after reconetitntvon, in case infection 
occurred during the reconstitution. The Jiigher level on the side of the label incil- 
normal concentration. The middle level on the side of the label indicates twice 
normal concentration. The lower level on the .side of the label Indicates four thn^s 
normal concentration. 


Plasma o£ the calculated amount i.s given quicIcJy and moi'e is given 
later by slow continuous drips to make good the loss by exudation. 
Usin" the above fonuula Black has worked out the estimation of 
1 ^volume reduction; this lias proved of real value to tlio.se ivho 
L?e"lmd to treat a large number of .serious inirn ea.scs. 
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If the burn has been extensive, and of the third degree, healing will not 
have taken place, but a large granulating area will be exposed after the 
tan is removed. This area should be treated vith a saline dressing for 
a day and then skin grafted. There are still too inany cases of hums 
which are allowed to heal hy granulation with its siihsequcnt heloidal 
and fihious tissue formation. On the haclvs of the hands and fingers in 



Fig 2 — Applic.ition of tnpIc-cUe b% nipans of a spra% 



rig 3 Mctlioa of (Irjing the triplc-tljc solution b> means of an electric hair drjcr. 
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without any treatment Jiaving been given. Some Naval cases hare ar- 
rived on board hospital ships having spent some time in the sea after 
having been Ijiu'nt and liave suffered little from siioek or pain and after 
local treatment to the burnt areas have made excellent recoveries. The 
experience gained from a number of such cases has convinced many 
medical officers of the great value of saline dressings, especially in the 
treatment of burns of the face and liands, but it is essential that the 
saline dressings are Icept moist. 

Tlie local treatment of war burns demands the strictest aseptic precau- 
tions or sepsis Avill occur. Tiie surgeon sliould wear a sterile gown, mask 
and gloves while dressing and inspecting burns. If possible, burn cases 
should be treated in a separate ward and, if circumstances permit, in 
separate cubicles divided from eacJi other l)y gla.ss or mica partitions. 
This is the ideal method of treating war burns, as the likelihood of mixed 
or cross infection is reduced to the al)solute minimum. From an e.xperi- 
ence of well over 1,000 cases of war burns I am convinced that infection 
is the commonest cause of the toxemia in burns, and that the commonest 
organism is the hemolytic streptococcus. This organism has been re- 
peatedly grown from blister fluid in the burnt areas in cases which arrive 
in hospital some hours after the injury. These observations fully con- 
firm the work of Aldrieli in 1933, and it is foi' tliese reasons that the 
triple-dye method of treatment is given priority in the many methods of 
treatment of umr burns. 


TRmLE-DYE METHOD 


The patient should be anesthetised with gas and oxygen and all loose 
and blistered skin should be cut away and the wound area swabbed with 
nmnn saline solution. The burnt area is then dried with an electric hair 
drier and an aqueous solution of triple-dye (2 per cent gentian violet, 
1 per cent brilliant green, 0.1 per cent neutral acriflavine) is sprayed 


on the sui'face (Fig. 2). 

This is then dried and a second application applied, which in turn is 
dried (Fig. 3). Usualfy two applications are sufficient to produce a 
nice thin supple tan, which is quite adiierent everywhere and no sepsis 
appears around the edges of the tan. In those cases in whicli sepsis is 
evident owing to inefficient cleansing and insufficient tanning, an anc.s- 
tlietic should be given and the area j-ctaimcd. It is not always necessary 
to remove the pre-existing tan. 


The dyed burnt areas are not covered with any dressings but llie 
fent with the exception of llie head, is sliroiulod -vvitli a Iiol-air cradle. 
V 1 day the tan is inspected and any moist areas receive anotlier ap- 
r f * of the triple-dye. Usually by the end of ten day.s tlio tan be- 
p ica ^0“ leaving a healed wound (Figs. 4 and 0). 

comes quiie 
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third-degree burns early skin grafting makes all the difference between 
success and failure. The question of the value of sulfanilamide in the 
treatment of burns is somewhat of a vexed one. I consider that it should 
be given by mouth for three days only and never used as a powder and 
dusted over the burnt area. While the suKanilamide is being admin- 
istered the patient often vomits and cannot take the increased protein 
diet which is so essential to his recovery. It must also be remembered 
that fully two-thirds of the body sulfur must be replaced. The best 
method of sulfur replacement is by a liberal diet of eggs and these can- 
not be taken during the sulfanilamide treatment. 




* ® burns of trunk and extremities treated with tannic acid The 

und"" HfoS cramf uere used . mfpSSt u'S nuSd 


tax NIC ACID TREVTJIEXT 

This tieatment should not be given until shock has been combated. 
The actual cleansins of the burnt area is identical with that used before 
the tnplc-dyp is applied After cleansing with saline solution the area is 
dried and 1 or 2 per cent gentian violet is applied by swabs and dried 
In a current of lipt air from an electric dryer. A solution of 5 per cent 
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Pig- 4 — ^Burn of face due to bomb-flash, a tj'pjcal "blast’* injury Tins patient svftcro6 
from "blast lung' ab well Photograph taken fl\e houis after mjurj 





S— Bomb-fla^^h bum 


of face ten da\« after fnjurj 
cist as •'hown Jn I Ig < 


Tn it^^d with trlph>(l>i 


‘'arnf' 
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lie 1 ■^ki'iKr'im ot )nnd dtpictcd Fie S. allowing necrosis of the terminal 

pUaiangf's 
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tannic acid is then applied followed hy a 10 per cent solution of silver 
nitrate (Pig. 6). A firm hard tan is qiiicklj^ produced by this method 
and it is suitable for burns of the trunk but should never be used on the 
hands or face owing to the bad results that ensue (Fig. 7). Numerous 
cases which have occurred in the present war have produced ample evi- 
dence that under the unyielding tannic acid eoagulum applied to the 
hand and fingers an edema develops to a degree which seriously em- 
barrasses the circulation in the fingers with the production of crippling 
deformities (Pigs. S and 9). This is the result of the treatment and 
not of the burn. 



„ ^ Thii<!-(Iegiee bum of t?io treated with lannie acid Nate the attenuated 

'• fingeis and fixed flexion A rc<?ult duo to the un\loIdinf; Ian 


After the application of the tannic acid the whole affecled area .should 
be kept at rest and the limbs .should be suspended or splirUed. The 
itient is nursed in a tented bed eoiilainimr heating elements and great 
-e shoirld he taken to maintain a dry, unbroken .siirfaeo. 

a rule minor degrees of .se]7sis can be eontiolled by gentian violet 
‘d on the affected areas after remo\aI of the overlying cnt.st, hut it' 
spraye pecomes inIVeted the Ian must be removed by sotikiiif' 

the entnc ^ saline bath. Itetannirig should never ho under- 
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Fig 10 — Mixed burn of the hand of an airman Photograph taken just prior to treat- 
ment trith triple-dj e 
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taken. In third-degree burns of large area skin grafting mast be per- 
formed if scarring is to be prevented. 

In the Royal Navy and in the Royal Air Force a large proportion 
of burns are limited to the hands and face as the clothing protects the 
rest of the body. It is very essential that full functional results should 
be obtained ivithout scarring otherwise a considerable proportion of 
valuable personnel would be invalided from these Services. 

Burm of the Hands . — There can be no doubt whatever that the best 
preliminary dressing for burns of the hands is a saline bath. The iiands 
should be immei'sed in a bath tiviee a day and the patient encouraged to 
move his fingers in the bath. A saline pack is applied after the bath 
and this is kept moist and allowed to fall off in the next saline bath. 
By such a process trauma is reduced to a minimum and there is no pain 
from changing the dressings. After three or four daj's of this treatment 
triple-dye is used and when this begins to loosen in ten or twelve days 
the burnt area will be found eompletelj'^ healed (Figs. 10 and 11). 

Saline packs however cannot be given as a first-aid dressing and so 
the majority of eases of burns of the hands have to be treated with a 
gentian violet jelly; excellent results have been obtained from this 
treatment. Many a time we have seen members of the trawler crew who 
have been bombed at sea and burnt either by bomb flash or scalded by a 
burst steam pipe in the engine room, arrive in port four days after the 
attack. The prompt use of gentian idolet jelly and its repeated applica- 
tion has allowed these members of the crew to cavry on witJi their work 
until they reach port. 

Burns of the third degree in which the whole thickness of the skin is 
destroyed, should be treated with saline baths if possible and then early 
skin grafting. Sepsis must be eliminated at all cost because of the 
contractures that are bound to follow. An excellent dressing for burnt 
hands is "tulle gras” or "jelonet” or "nonad tulle” all these are made 
of woven open-mesh gauze, saturated with petroleum jelly and balsam of 
Peru. These dressings are vitaminized and sterile and are packed in 
suitable tins. After soaking the hands in a saline bath for an hour the 
burnt area is covered with one of these sterile vitaminized dressings over 
which is placed some sterile gauze wrung out of normal saline solution. 
This saline gauze is replaced every two liours idthout in any wa 3 ^ intci- 
fering ivith the underljdng dressing. It is very important that the super- 
ficial saline dressing should not become dry, and that the dressing should 
not stick The hands arc placed on wire splints in a position of rest with 
”licrht do'rsiflcxion of the iwist and .sliglil fle.xion of tlic fingers. Two or 
° saline baths are given eacli day and tJic dre.ssings arc allowed to 
floaToff in the bath thus causing no pain to the patient or trauma to the 

healing wound. 
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and 13.) In several third-degree cases' seen earlier in the war corneal 
ulceration and perforation of the globe were seen owing to sepsis oc- 
curring under the tan. The elimination of sepsis is of prime importance 
and early skin grafting is essential when -the whole thickness of the skin 
is destrojmd. 

THE ENVELOPE METHOD OF TREATING BURNS 

This method which Avas devised by Surgeon Lieut. Commander 
Bunyan E.N.Y.E., and has been employed in many hospitals has certain 
advantages, the greatest being the painlessness of its application. 



The tieatmcnt consists of a primary irrigation of the burnt area with 
a 10 per cent solution of electrolytic hypoclilorite at 100° F. This ir- 
rigation is ijerformcd under anesthesia in an operating theater and it 
should be very thorough. The irrigation removes all surface contamina- 
tion, much of the charred tissue, and all the exudates and at the same 
lime kills the majority of the bacteria that may be present. 

Specially coated silk envelopes arc then put on the burnt area or 
limb. Ihc envelopes arc made of fine pure silk cloth coated with 
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If tlie burn lias destroyed the whole thickness of the skin, then skin 
giafting should be undertaken without delaj^; otherwise contractures and 
scarring will result. 

After healing has taken place it is very important that the newly 
formed skin should be adequately nourished and to this end some lano- 
line is rubbed into the area every night. This natural avooI fat has a 
wonderful effect on the skin ; it causes it to become thicker and more sup- 
ple and increases its blood supply. It is a pity that the aftertreatment of 
burns has been so neglected in this respect. The inunction of lanolinc 
should be continued for fullj^ three months after the healing of the 
burnt area if good results are to he obtained. 



Fig- 12 — Mived burn of faco treated uith trlpIc-dyc. 


Burns of the Face . — In burns of the face there can bo no doubt that 
saline dressings are the best form of tronfinent if the patient can be trans- 
ferred to hospital immediately after the injury. However this is rarely 
ible in the Services and tlicrcfore .some fir.st-aid treatment must be 
Gentian wolct jelly bn.s given excellent results in the Koyal Na^y 
Ins cod-liver oil wliieh is antisciitic and lias a high vitamin con- 
ns a so _ should not be used on the face a.s the burn cannot be 

wrtdiersufficiently and early .skin irrafting may be delayed. (Fivs. 12 
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mediately in hospital should be given a continuous constant temperature 
saline bath. The vhole body is immersed in a bath filled vrith 0.9 per 
cent saline solution. The temperature of the -water is controlled by a 
thermostat. The patient is left in the bath for an hour and then care- 
fully removed to a heated, tented bed and the burnt areas are covered 
with a layer of tulle gras over which is placed some warm wet saline 



Fig 15 — n\tensl\e burn of leg treated bj irrigation inside a Bum an en\ elope. 


gauze rolls The gauze should be frequently moistened with saline solu- 
tion so that the dressing never becomes dry. Quite a number of the civil 
and service hospitals hai e installed these continuous saline baths because 
they liaie proved of real importance in the tieatment of e.vtensive 
burns, especially those in uliich the uhole thickness of the skin is in- 
volved. When the bmnt aica becomes coveied iiitli gianulation tissue 
then tlie baths can be discontinued and skin giafting carried out. 
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syndietic resins whicli are unaffected by tiyijochloritcs or boiling, and 
render the silk Avalerlighl, 

After the envelope has been applied irrigation Avith hypochlorites is 
given twice or three limes a day (Figs. 14 and 15). Between irrigations 
the Avound is left undisturbed. This method has some definite advantages 
in the treatment of Avar burns. Tlic.y arc ; 

1. It can bo easily and quieldj' applied. 

2. The treatment is painlc.ss, there are no dressings, and the patients 
do not lose confidence or become depressed. 



i4. Burn of forearm and hand treated by means of Bunyan's envelope. Hypo- 

chlorites are run in from the jars above. 


3. Rapid epithelialization takes place and can be seen through the 
envelope. Skin grafting can be performed at any time after irrigation 
Avith saline solirtion instead of hj'pochlorites. 

4 The envelope alloAA^s of free moA'enient of the limb Avithout the 


fear of pain. _ 

5 In the difficult cases AAffiere fractures exist as aa'cII as burns, tnis 
method appears to offer a solution. Treatment of ordinary compound 

fractures has proved successful. . , , 

'v IVdr Burns. — A proportion of AA'ar burns involves a large 

^^o^the trunk and extremities. Such burns if they can be treated im- 


area 
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ElcctncuJ liwiis . — Tliose avc not nncoinnion in wartime and tlier are 
clue to broken cables, short circuits and tlie like, resulting from gun- 
fire or bombing attacks. AVliile a certain number of this variety oi hum 
prove fatal yet a large number recover if llie initial shock is treated 
adequately. The apjrearance and size of electric burns will vary ^Yit}^ 
tile .shape of the objoef eanying the electricity, but usually they are 
circular or elli])tieal areas (Fig, 16). The color of the burnt areas is 
grayish wliite, with a slightly raised periphery, a depressed center, and 
no suvronirding ai’oa of hyperemia. They look glossy, feel smooth like 



IB — Large electrical burn of the anterior surface of the elbow. This evciscd 

and skin grafted, 

parchment and when on the fingers, result in tlie complete obliteration 
of the papillary lines over the area the.v occuiry By far the best treat- 
ment for these electrical birrns is excision and full thiekne.ss skin graft- 
ing Small electric burns require nothing more than the application 
of some gentian rdolet jelly. 

burn.s nun to ciiKunCAri wakiwrc 

1 Miistcird-gas hunts arc very msidioiis and take a Jong time to heal 
in" a long incapacity on the part of tlie patient. During liic 
so cans ^ n 5 iisfard”Ras wa.s llie imxst elTeclive elieniieal agenl used and it 
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aiea is then dried and treated witli gentian violet jelly or triple-dye. 
Healing is slow and sometimes as long as six or eight v eeks elapse before 
sound healing has occurred 

2. Liquid lewisite iuins may occur as separate entities or thej* may 
result from a mixture of mustard gas and lewisite Lewisite is a heaiy 
oil which is both a lung irritant and a i esicant Penetration of the skin 
by lewisite is much more rapid than that of mustaid gas Erj-thema 
of the skin after a lenisite burn appears mthin thirty minutes and 
vesication is developed v ithin twelve hours The levdsite blister is more 
sharply defined than that caused bj' mustard gas, and contains an opaque 
fluid in contradistinction to tlie clear limpid fluid found in the mustard 




Fiff 21 


Fig: 20 — Crude nitric -icid burn of face Two da^s after mjun 

,wn m KcTd' Same case as 


gas blister Treatment consists in complete decontamination as with 
mustard gas, and a hot liath. Hvdrogen peroxide should be applied to 
the burn area followed by triple-dje 

3 PJtoqdiorus Bw„s-~A small number of such bums have been 
Heated m the piesent war, they icsult from the backflash of incendiarv 
bombs containing pliosphoius Some aie extensile; whereas others are 
small and due to the presence of a fragment of shell containing this sub- 
stance (Figs 1 1 , IS, 19) Such small burns are liable to become deeper 
as the phosphonis eontmues its theimal action on the tissues ^ a 
firsf-aid treatment a solution of 2 per cent copper sulfate should be 
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was a great easvialty ])rodueer. It may be tlial in this war this gas will 
l)e used in 1 he form of a spray from low-flying aircraft. Mustard gas 
in the pure state is a clear oily fluid with a slight mustard-like odor, 
ft has great power’s of penetration and will soak through clothes and 
boots, and cause a burn. On the skin the liquid mustard gas is not ira- 
mediatclj’’ painful and during the interim period before pain is caused 
the liquid penetrates the tissues rapidly, yet it maj^ be some hours before 
an actual burn is seen clinicallj' and marked itching ensues. There is 



Pi_ 19 Phosphorus burn of face, three weeks after injury, showing complete heal- 

* mg'. Same case as shown m Figs 17 and 18. 


no absorption of the liquid gas into the general circulation and primary 
shock is absent. During the first twenty-four hours a large blister forms 
at the periphery of the burn, and if not incised will burst of its own ac- 
cord In the absence of sepsis there is little constitutional disturbance, 
but if sepsis does occur it may be very severe. Treatment of course de- 
d the complete decontamination of the patient, including the bum. 

1 tb'no- must be removed and the whole body should be w'ashcd 
^ °hD with bleaching powder solution (60 gi-. to a pint). The burn 
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applied; tliis combines with the phosphorus and produces an inert 
chemical substance, so preventing any further damage. After the copper 
sulfate solution has lieen cleaned off with gauze some triple-dye is 
sprayed on the burnt area. 



24 — Keloidal bcarritiK of arm and Torearm eight months after an ettenshe 
second-degice burn The immediate re'iult uas excellent X-ra\ therap> considerablj 
impro\cd tbe condition 

4. Crude Acid nud All(di Jim as — A fair proportion of burns due to 
strong acids or alkalies have been caused because of the re])eated bomb- 
ing of factories in this star. In a series of cases seen hy me the patients 
weie treated by iiiiinei-sioii in running water followed by the application 
of triple-dye (Figs. 20 and 21). In almost every case it is the hands 
and face that aie burnt because the clotliing itself is protective. 
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Fiff. 22 . — Burn of hand six months after injury, showing attenuated skin with en- 
gorged blood vessels. Skin grafting should have been performed in this case. 
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,•11 =i.irc of hands and nnprers. Photoarnpli taken .six months after a 
Fist 23. — Keloidal scars jj^rlv skin grafting n’ould have prevented this deformity, 
nii-x-ed burn of the nam . 
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with the result of his treatment when the patient is discharged from 
hospital and yet in six months’ time the newly formed skin may have be- 
come keloidal and contractures ma 3 ’^ have taken place (Figs. 22, 23, 24). 



Fib 26 — Antifiash outfit for facial protection, the goggles anfi mask are held in place 

by elastic bands 



Fig. 27. — Antifiash protection outfit, side \iew. 


Furtlicr, the patient may lie able to do his full work during the warm 
summer months, but in the cold of the winter the thin skin of the backs 
oC the hands or the ears may crack and fissure and chilblains mav form 
thereon, necessitating treatment and even invaliding from one 'of the 
fighting forces. This is a serious and significant point as men of the 
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0. Phosgene Burns . — These are quite superficial and cause an 
erythema or broM'ii staining, but are quite insignificant in comparison 
to the rapidly fatal syncope produced by this gas. 

The odor of phosgene is quite charactei’istic and resembles that of new- 
mown hay; and when recognized a gas mask should be put on at once 
and the recumbent position immediately adopted. The burn itself should 



Fis 2t — Antiflash outfit includlns eas mask 


be treated with sodium bicarbonate solution (oii ad Q) and then dried 
after which gentian violet jelly can be applied. 

Fmal Assessment of ITar Burns.— It is a great pity that a “follow 
” of all burn cases has not been instituted in civil hospitals as is the 
■ the Royal Navy. It is most important to follow up patients suf- 
case m t,ecause the medical officer may be very pleased 


SHOCK IN PERFORATED PEPTIC ULCER 

A Sur%t:y Based on Some 335 Cases From the Four Sergicae 
Divisions of Beeeevue Hospital From 1929 to 1938 

Lamar Soetter, M.D., Boston, iixss. 

TT IS often hinted and sometimes said that the patient with a perforated 
A nicer appears to be in shoek.’-^ This, however, conflicts with the theo- 
ries presented in certain textbooks and those of some authors who have 
given attention to the problem/-® In reviewing eases over a ten-year 
period in a large general hospital, an attempt has been made to present 
statistical evidence of the degree of shock found, the factors responsible 
for it, and its importance diagnostically, therapeutically, and prog- 
nostically. 

5IATER1AE ESED 

An effort was made to include all cases, regardless of duration of per- 
foration or subsequent treatment, provided that in each instance the 
diagnosis was established by operation or autopsy. Clinical obsers-ations 
and temperature and pulse and blood pressure recordings used here are 
those taken at the time of physical examination in order to precede 
medication or intravenous therapy. Although the temperature and pulse 
levels were noted in all but 2 of the eases, blood pressure recordings in 
55 were either omitted or were taken subsequent to some form of treat- 
ment. Of these 55, however, only 3 presented one or more signs of shock. 
The size of the perforation was given in exact measurements in 279 cases, 
those recorded in inches being changed to equivalent metric figures for 
this paper. These figures are based on estimates made by the operators. 
Amount of fluid in the peritoneal cavity was noted by some observers as 
large, moderate, or small. Others gave an estimate in round numbers. 
Obviously these calculations are vague and inaccurate. They have been 
divided very arbitrarily into three groups, less than 800 c.c. being called 
a small amount of fluid, between 800 and 3,000 c.c. being termed mod- 
erate, and anything above this, large. In 61 patients the amount was 
not stated. In only a few was the presence of food particles noted or the 
time relationship between eating and nipture. 

INCIDENCE OF SHOCK 

Shock, a word simple enough to define as a form of circulatory col- 
lapse marked by lowered blood pressure ; weak, rapid pulse ; subnormal 
temperature; pallor, sweating, and coldness of the skin existed with 
every sign present in very rave cases in this series. Altogether. 56 
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fighting services may Iiave to go into cold climates, and in the Na\y he 
ex]iosed to bitter winds and rapid changes of temperature. 

Protection Af/ainst Burns . — In the Koyal Navy and in the Eoyal Air 
Force the vast majority of war burns involve the face and hands. In 
the Royal Navy this important fact has been appreciated since the battle 
of Jutland in 1916. At the present time an antiflash clothing for the 
head and hands is now served out to every fighting ship for the use 
of officers and men wlio are exposed to gun-flash or bomb-flash, and has 
resulted in a marked reduction in the number of burns. Tiiis outfit 
(Figs. 25, 26, 27) can be used in conjunction with a gas mask and is 
simple and easy in its application and does not impede the usefulness of 
tlie men at action stations. 

It is a pleasure to record my indebtedness to Surgeon AUce-Admiral Sir Percival 
Nicliolls, Medical Director General of the Navy» who has given me every facility to see 
and treat all varieties of burns during the present conflict. 
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perforated while on the ward. Obsen-atious were recorded within two 
hours on 11 and within three houns on 15. Nine had blood pressure 
recordings taken subsequent to perforation and prior to treatment. Of 
these only 1 had a systolic pressure below 100 and he had been hemor- 
rhaging severely. Six patients were described as being in shock, but 
3 of them had pulse rates of 90 or less, and another had had a rise in 
systolic blood pressure from 104 on admission to 120 after perforation. 
It is unfortunate that the records for this group are so incomplete. 
Only 3 patients, however, showed any signs of shock, and the signs were 
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patients, or 16.7 per cent, Jjacl stibnornial temperatures; 129, or 38.5 per 
eent, liad pulse rates above 100; 39, or 11.6 per cent, bad systolic blood 
pressures of 100 or less ; 22 were stated as being in shock regardless of 
accompanying signs; and 56 Avere noted to be SAA^eating, cold, or pale, 
or to liaAm a combination of the.se three. There AA^ere but 20 cases, or 
roughly 6 per cent, that combined a systolic tension of 100 or less, AA’itli 
either a rapid pulse rate (aboA'e 100) or a subnormal temperature or 
pallor, etc., or several of these. These 20 patients are the only ones Avbo 
come near to the definition of shock, so thej^ have been con-sidered .sepa- 
rately from the rest in an attempt to correlate their signs Avith perfora- 
tion or other causative factors. Tliere Avere but 3 of tlie 20 A\'ho pre- 
sented the classical picture of shock as defined above Avithout a sign 
missing. One of them suffered from hemorrhage ; another aa’US syphilitic 
AAuth a A'ery poor cardiac reserve ; and the last one had had perforation 
three days before entr}'' and shoAved frank peritonitis at operation. Foui 
more individuals had no other etiologle factor than perforation upon 


AA'bich their signs could be blamed. They did not present a very com 
vincing picture, hoAvever, for their blood pressures Avere above 90, then 
pulse rates betAA'een 78 and 108, and their temperatures ranged from 
97.8 to 100.8°. Only 1 Avas listed by an observer as being in shock and 
one other Avas said to be cool and .SAveating. Tliej^ did not approach the 
classical picture. Of the 13 remaining, 1 Avas quite drunk, 9 had full- 
bloAvn signs of peritonitis, 2 Avere suspicions of peritonitis, and another 
Avas anemic from blood loss. All of these 13 and the 3 profomuHj 
shocked patients died. It becomes apparent from these figures not onl} 
that true shock is rare in perforated peptic ulcer, but that in the pres- 
ence of some signs of it there is probably an additional causative 
to be suspected. Peritonitis is the chief of these, being present in 1 


patients out of this gi-oup of 20. 


RELATIONSHIP OP SHOCK TO TIME 

The duration of symptoms among these patients is extremely vaiiable. 
In some the onset of rupture aa^s but tAA'eiity minutes before examina 
tion ; in others it Avas several Aimeks. The largest number was seen ivit > 
in the first six hours, but no less than 68 did not even arrive at the los 
itai until a day or more had elapsed. Although the signs of shock aic 
infrequent, it is of some interest to attempt to find their relalionslnp 
. duration of peritoneal insult, to the amount of fluid, and to tlie size 
r Hip ulcer. As Thompson® lias pointed out, 69 per eent of perforations 
V oT,+erioriy in other words, Avliere the fluid is most free to escape 
fhP rreneral peritoneal cavity. Such being the ca.se, Avill a patient 
Pn early perforation be more apt to show signs of eirciilafoiy col- 
# ilmvin<r sudden insult, or avOI the signs be more likely to follow 
lapse iol ^ pleading infection ? In tliis series some 3 6 patients 

a prolonged ttoAS .mu i 
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witliiD the first two hours. High pulse rates are to he seen at both 
ends of the scale, with more elevated ones late in the disease, yet plenty 
of normal ones occur one or two days after onset. There are more suh- 
normal systolic pressures after twentj'-four hours proportionately, hut 
there are also numerous normal readings and plenty of low pressures in 
the first six houi-s. In Fig. 2 the pulse, temperature, and blood pressure 
recordings of the 20 eases in mild or severe shock are plotted to show 
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sHjrhf, in tlic 2 willi complete observations. Although inconclusive, 
studies on tiicse .16 cases do not lend stipport to the theoty that cir- 
culatory collapse always appears immediatel.v after perforation. To 
illustrate more Tnily the etTect of time on eircuiatory collapse, the tem- 
peratures and i)ulse and blood pressures of all cases are plotted in Pig. 1 
in an effort to give a picture of what is to be found from hour to hour 
after pei’foration. There arc obviouslj’^ more high temperatures in the 
cases of twenty -four or more hours' duration, but subnormal tempera- 
tures can be found at any time and there are some high temperatures 
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RELATIOXSHIP OF SHOCK TO AIiIOUXT OP FLUID AXD SIZE OP ULCER 

The corelation between amount of fluid in the peritoneal cavity and 
signs of shock is plotted in a similar manner in Fig. 3, but the effects of 
time, infection, and intercurrent disease have been eliminated, and only 
uncomplicated cases examined within the first twelve hours of the disease 
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their duration of symptoms. One case was omitted because of the un- 
certain time of onset. There are obviously more late than early cases 
here, 10 of them being over twenty-four hours, but enough earl}'' cases 
(Fig. 1) so that one cannot say that there is any definite period in which 
.signs of shock are more apt to be found, nor that there is a very marked 
preponderance of late cases over early, or vice versa. 
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Pallis’ figures of 26 per cent.® These signs -were foimd to occur at any- 
time during the disease, neither preponderantly earlj’ nor late. They 
were not dependent upon the size of the perforation or the amount of 
fluid. If they were present, a cause other than perforation was found in 
four-fifths of the eases, particularly in the late ones in which it was peri- 
tonitis. The treatment was for shock as well as for the underljnng 
disease and the outlook was grave, particularly in the late cases in which 
signs of shock were sjmom’mous -with infection and a consistent prelude 
to death. 

I wish to express especial thanks to Dr. J. A. McCreerj-, Dr. G. S. Dudley, Dr. A. M. 
"Wright and Dr. C. G. Burdick for the use of their records for this paper. 
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are included. Again, with tlie single exception of a few more lower 
blood pressures in the group with exudates over 3,000 c.c., there are no 
significant differences between the groups, and there seems to be no rela- 
tionship betiveen the amount of peritoneal contents and shock. In Fig. 
4 those cases in the group of 20 in mild or severe shock in which the 
amount of peritoneal content was noted are plotted regardless of time, 
bleeding, or signs of infection. Here there is a definite preponderance of 
cases with large exudates, but, as one-fifth of these patients had small 
exudates, it is difficult to say that any real emphasis can be laid on the 
point. Fig. 5 correlates tlie size of the ulcer with signs of shock. In this 
figure, as in Fig. 3, the cases used were in their first twelve hours and 
were without intercurrent disease. This heart is made separately from 
the fluid one, due to the fact that some large ulcers exist -ndtli small 
exudates, and vice versa. Here, again, tlie findings do not point to in- 
creased signs of shock in either the large or the small ulcers. 

diagnosis, ther,u*y, and prognosis 
The signs of shock in perforated ulcer are so infrequent as to be of 
little value diagnostically. However, because of their association w'ith 
complicating factors, such as infection, hemorrhage, etc., and their rela- 
tively rare existence without a complicating factor (onlj’' 20 per cent of 
the group of shocked eases listed above were -without one) when some or 
all signs of shock are present, peritonitis should be suspected in the late 
cases and hemorrhage, cardiac failure, and early peritonitis in the early 
ones. Treatment of the signs of shock in most instances rests on the 
treatment of tlie complicating factor, independent of the perfoi’ation. 
Treatment of the latter alone cannot be expected to dispose of them. 

In the ordinaiy ease of perforated ulcer without dehydration, operation 
need not be delayed for administration of fluids, both because time is a 
vital factor and because the circulatory system ordinarily is not so 
affected by the disease as to require preoperative administration. 
Prognostically, the signs of shock are of some significance. The mor- 
tality in the 20 eases of mild and severe shock was 85 per cent. Among 
the 4 cases in which the responsibilitj’- for their condition could be laid 
at the door of the perforation alone, it was 25 per cent. In the 3 cases 
of full-blovTi circulatory collapse, it was 300 per cent. Of even more 
si"nificance is the effect of these signs in the group of cases of twenty- 
four hours or more duration. Sixt 3 ’'-eight patients out of the whole 
series of 335 entered twenty-four hours after the onset of .siunptom.s. 
Thev had a mortalit.r of 43, or about 63 per cent. Omitting tlie 30 cases 
showing mild or sevei-e signs of shock, the mortality for tlie remaining 
58 was'si per cent, while for the .shocked ones it was 300 per cent. 

SU513IARY 

T conclusion, out of a series of 335 eases, there was profound shock in 
5 t 3 and mild'signs in 17 more, a total of 6 per cent, as compared with 
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“Differentiation roentgenologically, of benign tnniors and other gas- 
tric lesions can seldom be absolute, but in many instances the roent- 
genologic signs irarrant an attempt at such a distinction.” 

Lipoma of tbe stomach originates either from the submucous or sub- 
serous portion of the -wall. The tumor may vary in size from a pea to 
the size of an orange. It may project into the lumen of the stomach or 
may project outivard, producing verj' little deformity of the inner con- 
tour of the stomach. The position of this tumor is quite variable, but 
frequently it occurs near the pyloric ring producing obstructive symp- 
toms. One side of the tumor may be covered with mucosa which may 
show some ulcerations and erosion. It is this latter complication which 
usual]}" produces the symptoms which bring the patient to the physician. 
Grossly and microscopically the tissue of the lipoma has a soft, greasy 
characteristic lobulated appearance not unlike lipomas found elsewhere 
in the bod}'. 

The pathogenesis of benign tumors has been ascribed to several fac- 
tors. Some authors suggest that these tumors are congenital in origin, 
arising from some anlage separated during early fetal life. This theor}- 
would explain the familial tendency that is sometimes observed as in m}' 
ease report. Others maintain that chronic irritation, either chemical or 
physical, gives rise to low-grade inflammatory disorders of the stomach 
wall. However, against this theory, microscopic examination reveals 
tumors arising from normal gastric mucosa. Chronic gastritis is often 
seen with no evidence of microscopic metaplasia, 

IMinnes and Geschieter- conclude that “although chronic irritation 
and chronic inflammation may be contributing factors in the production 
of gastric tumors, the}’ are bv no means essentially eitological agents.” 

Since 1835 we have been able to find tliirt.v-five cases of submucous 
lipomas of tbe stomach reported. An additional case is here recoixled. 
(Table I.) 

CASE REPORT 

S. tv., white female, 47 je.ars of age, entered the liospital Get. S, 1939, cora- 
plaining of “ptomaine poisoning.” Two dajs before admission to the hospital 
“•he liad eaten some corned beef and later in the eienmg went for an automobile 
ride. After riding about an hour she suddcnh experienced a “sinking feeline” and 
then loinited a .'.mall amount of blood. As '■he returned home and as she was getting 
out of the car she again loniitcd and in the lomitus was about one half pint of 
blood. Tlie following morning her stools were coal black and tarry. She grew much 
weaker and was sent to the hospital for further studi. 

The patient’s past historj was essentiallj negatue for indigestion and hematemesis 
or black siooK. She stated, howercr. that four tears before .she had become sud- 
denly weak and quite anemic and had been gnen a tonic containing iron with 
iiiiproienient of her simptoms. Her habits hate been tert moderate. She has had 
no other illne'‘**e’'. 

Her family history is essentialh negatue except that she has a brother s.ster 
and two nephews who hate had lipomas remoted from their extremities. ’ ’ 



SUBMUCOUS LIPOMAS OP THE STOMACH 

]\Iervin J. RuMOiiD, M.D., Kansas City, Kan. 

(From Ihe University of Kansas Kospitals) 

O UBlklUCOUS lipoma is tlie most vincomraoii of tlie benign tumors of 
the stomach. Less than 1 per cent of all tumors of the stomach are 
benign and only about 3 per cent of the benign tumors are lipomas. 
These tumors are frequently confused elinicalB’' and radiographically 
with malignant and inflammatory lesions. Because of their size, position, 
and complications, gastric function maj’- be so disturbed that surgical re- 
moval becomes imperative. When these tumors are pedunculated, they 
may prolapse into the pylorus and produce the sjunptoms of pyloric ob- 
struction and later the tumor may fall back into the stomach, producing 
a quiescent period free from symptoms. Gastric lipomas may be pres- 
ent without ever having produced symptoms and maj' be found only at 
autopsy. 

One of the most common and significant symptoms of all benign tu- 
mors of the stomach is anemia and weakness due to recurring hemor- 
rhage as a x’esult of ulceration or erosion of a portion of the tumor. 

Loss of weight, emaciation, epigastric pains, anorexia, nausea, vomit- 
ing, hematemesis and melena are all suggestive symptoms but are by no 
means diagnostic. 

The roentgenologic findings are fairlj^ chai’acteristic, and, according 
to Moore,^ benign tumors present ceidain roentgenologic signs which dif- 
ferentiate them fi’om malignant or inflammator.y lesions. He says : 

“If these signs are not characteristic, they are at least suggestive: 
“1. Thej^ produce a filling defect that is circumscribed and punched- 
out in appearance. 

“2. The filling defect is usually on the gastric walls, leaving the curva- 
ture regular and pliant. 

“3. While the rugae ai'e obliterated in the immediate area of the tu- 
mor, just as in inflammatory and malignant lesions, the rugae suiTouud- 
ing a benign tumor are more nearij' normal in their arrangement and 
distribution. 

“4. They cause little or no disturbance in peristalsis, and relent ion is 
uncommon except when the lesion is at, or very near, the pylorus. 

“5. They do not reveal a niche, nor is there am- ineisura or other evi- 
dence of spasm. 

“6. They are rarely sufficiently large to be palpated. 

“Probably the most essential feature in the e.xamination is the close 
and complete approximation of the walls of the barium-filled stomach. . . 

~^lvccl for publication, July 6, IW. 
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CASE 1 

’’EAR 

AUTHOR 

SEX 

AGE I 

HSCOVERY 

SIZE 

COXICAU 

FEATURES 

20. 

931 C 

omfort 

F 

65 

Autopsy S 

mm. di- 
ameter 


21. 

1931 C 

lomfort 

AI 

74 

Autopsy 

L by 2 by 

3.5 cm. 


22. 

1933 1 

dandi and 
Vogl 

li 

43 

Excision 

Pedicled 
tumor, 
larger than 
a nut 

ulcer history 

23. 

1933 

Pansdorf 
and Deter- 
mann 

F 

65 

Besection 

Broad- 
based ; 1 
cm. in di- 
ameter 

Weber's test 
positive in 
feces; roentgen, 
benign tumor 

24. 

■ 


J1 

57 

Hesection 

Oscillating 
tumor, size 
of cherry 

Weber's test 
positive; symp- 
toms simulating 
cholecystitis 

25. 

1934 

Santy 

F 

40 

Besection 

Tangerine 

Anemia, pains 
after food, 
vomiting, 

Weber's test in 
feces positive 

26. 

1933 

Glass 

M 

30 

Besection 

Broadbased 
tumor, size 
of fist 

Epigastric pain, 
black stool, 
Weber’s test 
positive in 
feces 


1935 

Kirschbaun 

F 

75 

Autopsy 




1935 

Troisier 

■ 

■ 

Autopsy 

10 tumors, 
largest size 
almond 

Anemia profuse 
hemorrhage 

29. 

1936 

Kantorovi- 

tch 

1 

1 

Besection 

Size of kid- 
ney 

Nausea and 
vomiting, 
roentgen ray 
showed benign 
tumor 

30. 

1937 

Metivet 

AI 

69 

Besection 

20 cm. in 
diameter 

Blood in stools, 
roentgen ray 
showed probably 
benign tumor 

31. 

193S 

Bedell 

F 

33 

Besection 

167 Gm., 
twice the 
size of 
hen’s egg 

Black stools, Hb. 
31 per cent, 
AVeber's test in 
feces positive 

32. 

|l93S 

Garre, 
Garelih, 
and Ciarlc 

M 

50 

1 

Besection 

9 by 4 cm. 

Eructations, 
abundant hema- 
temesis 

33. 

■ 

1 ^ 

■ 

■ 

Besection 

H 

Eructations, nau- 
sea. vomiting, 
blood in stools, 
anemia 


On physical examinalion the patient was a well-developed, white, rather anemic 
appearing, female weighing about 150 pounds. Her hair was entirely white. She 
had no discomfort. Examinations of the head and che.st were e.«scntially negative. 
The blood pre.ssure was 130 systolic and 70 diastolic. Pulse rate was S4 per minute 
and was regular. Examination of the abdomen rcvc.aled a tenderness in the mid- 
epigastrium, but no definite mass could be palpated. Extremities were normal. Ec- 
flexos were within normal limits. 
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Tabulation of Gastric Li: 


Cruveilhier 


1863 Virchow 


1889 Murray 


1893 Tilger 



SEX I AGE DISCOVERY 


Autopsy 


Autopsy i Hazelnut 


64 I Autopsy 


High Autopsy Hazelnut 
age 


High Autopsy Hazelnut 
age 


65 Autopsy 6 by 3, 5 by 
2 cm. 




CLINICAL 

FEATURES 



Pains in umbili- 
cal region; gas- 
tric juice nor- 
mal 


Autopsy Hazelnut Free from symp- 
toms 


Triangular Epigastric pains, 
prismatic vomiting, ema- 
tumor ciation, 28 mo. 

duration. 



1925 Eliason and M 
AVright 



Autopsy S by 3, 5 by 
3 cm. 


Autopsy Solitary 
tumor in 



Vomiting for 12 


Palpable tumor, 
blood in stools, 
vomiting, pain 
after meals 


Pains after 
meals, some- 
times vomiting, 
achylia, x-ray 
defect, fatigue, 
emaciation 


Attacks of fa- 
tigue, x-ray de- 
fect, licmor- 
rhago, tarry 
motions 


Mild eructations, 
x-ray reveals 
tumor in pars 
cardiaen 
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The clinical diagnosis was a gastric polyp showing probably beginning malig- 
nancy since ulceration and hemorrhage were present. 

Before operation the patient was given three blood transfusions of 500 c.c. of 
citrated blood each, bringing her hemoglobin up to Si per cent. 

Four days after admission into the hospital the patient’s abdomen was explored. 
Cyclopropane and spinal anesthesia were used. Attached to the posterior wall of the 
stomach was a soft tumor mass measuring about 6 cm. in diameter which projected 
into the lumen of the stomach. There were no masses in the liver and gastrohepatie 
lymph glands were not enlarged. A sleeve type of resection was done which included 
the tumor mass. (Fig. 2.) 

The patient’s postoperative course was uneventful. She was dismissed on the 
twenty-first postoperative day free of sj-mptoms. 



Fig. 2. — Gross appearance of the lipoma showing ulceration. 

The pathologist’s icport was a.s follows: 

“The spccinion consists of a portion of the stomach which has been removed bv 
sleeve resection and measures 5 cui. in width and 4.5 cm. in diameter. The entire 
specimen weighs 110 grams. Arising from the region of the submucosa there is a 
pedunculated growth which projects into the lumen of the stomach and measures 
7.5 by 5.5 cm. The wall of the stomach is not thickened and the mucosa shows the 
normal pattern of the rugae except o\er the pedunculated growth. Here it becomes 
flattened out and atrophic in appeartinec. In one area there is a crateriike ulcer 
which measures 1.5 by 0.7 by 0.4 cm. and several other small areas of superficial 
erosion measuring from 1 to 2 mm. in diameter. The floor of the larger ulcer is 
rough and covered w itli a shaggy gray exudate. 

“A section through the mass shows it to bo eompo.scd of a light yellowish oreasv 
tissue which contains a few strands of white fibrous tbsuc. bTo definite lobulation 
.8 demonstrated. The picture is that of a pedunculated intragasfrie lipoma arising 
from the subraucrtRnl ^ » 
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Laboratory examination revealed a red blood cell count of 3,200,000 with a 51 
per cent hemoglobin. The white cell count was 6,000 with 63 per cent polymorphonu- 
clear leucocytes. The blood nonprotein nitrogen was 27.4 mg. per cent; creatinine, 
1.3 mg. per cent; sugar, 84 mg. per cent; and chloride, 530 mg. per cent. Wasser- 
mann and Eahn tests and urinalysis were negative. The stool examination showed 
occult blood. There was no free hydrochloric acid in the stomach. 

Boentgenologic examination of the stomach was reported as follows; 

"The stomach is of average size. In the body of the stomach appi oximately 
halfw-ay between the pylorus and esophageal orifice we see a circular filling defect 
measuring approximately 2.5 inches in diameter [Fig. 1]. By manipulation we can 
determine that this arises from the posterior wall of the stomach. A mass cannot 


'' i 



T-.;„ -t Roentgenogram showing a defect at the site of the lipoma in tiie barium-tilled 

stomach. 

be felt here because the area is not accC'-sible to jialpation. Subsequent injection 
of thick barium to visualize mucosal detail shows a wiping out of detail of the 
co=al shadows particularly in the medial portion of this filling defect. IVe arc 
™*'ble to move the filling defect about; it constantly maintains its position. In 
s’on there is a .soft ti.ssue mass in the body of the stomach arising from tlic 
cone o?i^ producing a smooth filling defect. tVhile it is concenable that this 

posteno^ benign polyp because of its .smooth outline, we must consider it malignant 

^nTil proved otherwise. 

^ . ..pjj pf tiie stomach twenty-four hours later shows the pcciilmr large 

“Kc-examina stomach as pretiously described. Its position has 

filling defect in tiic oou. 

not changed.” 
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Microscopic sections tlirough the stomach wall adjacent to the tumor show 
nothing unusual. The stioma of the mucosa is in fields slightly increased in amount 
and somewhat edematous. An abundance of monocytic cells, many of which are 
plasma cells are frequently seen. A few small foci of lymphocytes are noted near 
the muscularis. The glands are well preserved and show both chief and parietal 
cells. Jn many fields the capillaries are congested and contain an occasional poly- 
morphonuclear leucocyte. 

' ' Another section through the mucosa taken over the growth shows the mucosa 
to be somewhat thinned out and atrophic in appearance. The branching gastric 
glands are much shorter than usual and surrounded by an increased amount of 
fibrous tissue. There is also some round-cell infiltration with small foci of lympho- 
cytes and many plasma and eosinophilic cells. Some areas of edema and slight 
congestion of the blood vessels are also noted. In some fields toward the outer 
surface of the mucosa the epithelium has been desquamated leaving a raiv fibrous 
surface. This, however, is not marked and very little catarrhal reaction or inflamma- 
tory reaction is .seen.” 

The pathologic diagnosis was an unusually large pedunculated, intragastric sub- 
mucosal lipoma showing ulceration and superficial erosion. 


SUMMARY 

A revietY of tlie literature now reveals a total of 33 cases of submucous 
lipoma of the stomach reported since 1835 ; of these, 17 Avere found at 
autopsy and 16 At'ere resected at operation. The size of these tumors Avas 
reported to vary from that of a pea to that of an orange. Sex incidence 
Avas found to be equal. Age incidence varied from 29 to 84 years. Ano- 
rexia, nausea, vomiting, hemateme.sis, and melena Avere not uncommon 
sj’mptoms associated AAUth these tumors. Since there is nothing really 
pathognomonic in tlie symptomatology, the diagnosis of submucous 
lipoma of the stomach is rarely made before operation. IIoAvever, a care- 
ful roentgenologic examination may lead one to suspect such a tumor. 
If the presence of a benign tumor is sxispected, an exploratory operation 
and remoA'al of the tumor Avith its involved stomaeb Avail are indicated. 
RemoA'al of the stomach Avail is necessary since there liaA'e been reported 
eases of recurrences Avliere only the tumor AA'as removed. 
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extent in tlie remainder of the intestine. The blood also remained a 
fluid longer than normal and the dried -weight of the blood was above 
normal. They found that death resulted also if the injection was made 
intraperitoneally or subcutaneously. Tliej- found that blood from a 
dog with a closed duodenal loop did not produce toxic smnptoms when 
injected intravenously into another dog and this was true even when 
the dog had died from the obstruction. The intestinal content was 
found to produce no symidoms when injected into the lumen of the 
intestine of the normal dog. These investigators thought from their 
studies that the dogs showed some immunity on repeated intravenous 
injections of the fluid and tliat dogs thus immunized could survive a 
closed loop twice as long as an unimmunized dog (four days instead of 
two). From the protocols of the experiment, however, there seemed to 
be so much variation in the length of life that this particular work does 
not seem to us to be conclusive. 

Whipple, Eodenbaugh, and Kilgore“ attempted to purify the toxic 
material from an obstructed loop by precipitation with alcohol, centrif- 
ugalization, and heating to remove the albumin, and apparently after 
this procedure the toxic material was more concentrated. It produced 
on intravenous injection, diarrhea, vomiting, lowered blood pressure, 
rise in urinary nitrogen, and an excess of antithrombin with incoag- 
ulable blood. The}' believed that their method of purification removed 
practieall}' all substances except primaiy proteoses, and they believed 
that they were dealing with a heteroproteose because it resisted pan- 
creatic digestion. 

Murphy and Vincent,-*® in 1911, found tlie material from an ob- 
■strueted intestine to be poisonous wlien injected intraperitoneally, but 
the poisonous properties were destroyed by boiling or by passage through 
a Berkefeld filter, and they concluded tliat bacteria were responsible 
for the toxin. Von Baracz"'" found that dogs with a closed ileal or cecal 
loop might live for many weeks. Hartwell and HogueF® found that 
the length of life -with high intestinal obstruction was not related to the 
amount of food in the intestine above the obstiaietion. HartwelP® later 
concluded that the length of life is inversely proportional to the amount 
of mucosal damage. Roger,®" in 1907, found that the nomial contents 
of botli stomach and intestine were toxic when injected without filtra- 
tion intravenously into a dog. Other investigators, including MHiipple 
and his co-workers,®® did not agree with this finding. McClhitoek and 
Hines,*® however, scraped the mucosa and the intestinal contents from 
the entire .small intestine of a normal dog, concentrated it by Whipple's 
method, and found that this material sometimes killed the injected dog; 
blit, if the material from four dogs was used, it always killed the im 
jeeted dog. The blood of the injected dog .showed a rise of noniiroteiu 
nitrogen, concentration of cells, and sometimes a decrease in chlorides 
These workers also obtained a lethal dase bv sera])ing the mucosa from 
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I 'PIE question of the toxicity of intestinal contents injected intra- 
Yenonsly and the I'elation of sueli toxicity to intestinal obsti'uetion 
with its train of symptoms has never been entirely clarified. The idea 
that death in intestinal obstruction is due to decomposition or stagna- 
tion of the intestinal content Avas first suggested by Amussat^ in 1839. 
Kocher,^® in 1877, concluded from experiments on rabbits that, since 
peritonitis Avas not pi’esent, death must be due to intoxication, and he 
demonstrated that the condition of a patient Avith intestinal obstruc- 
tion could be improA'ed by enterostomy or by removal of the intestinal 
content. Kirstein,'” in 1899, injected the contents of obstructed intes- 
tinal loops intravenously into rabbits and produced gastroenteritis, col- 
lapse, and death Avithin a short time. A similar picture Avas produced 
by such injections into cats. Gley and LeBas-® brought up the ques- 
tion of Avhether or not this toxic substance present in the lumen of an 
obstructed intestine might be a proteose, but, since the injection of a 
proteose caused an increased lymph Aoav and the toxic substance appar- 
ently did not, they decided against its being a proteose. Cliittendcn, 
Mendel, and Henderson® in 1898 studied the effect of proteose injec- 
tions and found that tli'e coagulation time of the blood AA'as reduced. 
Chittenden also reported that proteoses and peptones caused a fall in 
blood pressure and a disintegration of the leucocytes. 

About 1910 Whipple, Slone, and Bernheim®® began a A'ery intensive 
study of the question of the natui’e of the toxic substance in intestinal 
obstruction. They produced a closed loop by isolating the duodenum 
AAuth ligatui’es from just beloAV the pancreatic duct to the duodenojejunal 
junction. The ligatures Avere buried Avith mattress sutures and the 
continuity of the gastrointestinal tract Avas re-established by gastro- 
enterostomy. ThcA^ found that, if they Ava.shed out the contents of sueli 
a loop before an obstruction Avas produced, the dogs lived one to three 
dav^s as compared to one to Iaa'o days Avitli the unAA-ashed loop. The fluid 
eoiitcnt from an obstructed loop urns aufol.A'zed for ten days at 38° C. 
betAA’cen toluol and chloroform. It AA'as then heated to betAA-ecn fiO and 
70° C. for one-half to one liour and centrifuged, the supernatant fluid 
beiim filtered through a Gooch cnieiblc. Forty cubic centimeters of this 
mafei-ial was injected intravenously into dogs and the animals passed 
iTodlA- mucus and died in about four hours. At nccrojisy the duo- 
denum Avas SAVollen and purple, and this color AA-as also visible to a le.sser 

for pAibllcUIon. Oct. 1C. 1010 .^ 
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loops were found to contain thick, gray material, a small amount of 
which injected intravenously would kill another dog. 

Dragstedt and his co-workers^- made closed intestinal loops, strained 
the contents, and heated it for one hour over a water bath at 70° C. 
The coagulum wliich formed ivas filtered off, and the filtrate, which was 
toxic, was kept between toluol and chloroform at room temperature. 
They found no evidence of anaphylaxis on injection of this material, 
and stated that normal intestinal content which Davis and Stone found 
to be nontoxic becomes toxic after standing unpreserved. Dragstedt 
and his eo-workers^= concluded that the toxic substances in a closed loop 
are probably not protein in nature. 

Dragstedt (L. E.), Dragstedt (C. A.), ilcClintoek, and Chase'® made 
closed loops of duodenum or upper jejunum which had been previously 
washed with sterile water and ether. They found that about one-half 
the animals survived indefinitely. The loops, however, were found to 
contain many bacteria and the contents of such loops were foimd to be 
toxic when injected intravenously or intraperitoneally. They tried 
wasliing the loops with other substances (alcohol, phenol, lysol, foraialde- 
hyde, mercuric chloride, silver nitrate, chloroform, and cresol) but none 
of these were as effective as ether. They believed that ether prevented 
the absorption of toxic substances or depressed the intestinal secretion. 
^Yashing the loop with an astringent (8 per cent aluminum potassium 
sulfate) had the same effect as ether and 6 per cent tannic acid was 
also verj’ satisfactory. If a long (six feet) ether-washed loop was made, 
the dogs remained well for two weeks and then a slowly developing 
toxemia appeared. 

Dragstedt, Moorhead, and Bureky" Isolated a loop of duodenum or 
jejunum, re-e.stablished the inte.stinal continuity, and dropped the open 
loop back into the abdominal cavity. At reoperation the ends of the 
loop were found to be closed by adhesions and the loop was distended 
with thick yellow fluid which was sterile. Dragstedt and Moorhead,’® 
in further studies made on these open loops, found that the lower down 
in the intestinal tract the loop was made, the less chance there was of 
the dog surviving. About one-half the loops remained open and the 
other half were closed by omental adhe.sions. They found that when a 
closed loop was made and removed in time to save the animals’ lives, no 
immunity developed to subsequent injections or obstructive operations. 

Cooke, Kodenbaugh, and Whipple’ found that there was a rise in the 
noncoagulablc nitrogen, urea nitrogen, amino nitrogen, uric acid nitro- 
gen, creatine nitrogen, and creatinine nitrogen in intestinal obstniction. 
in elo.sed loops, or after the injection of to.xie proteose. Hadcn and 
Orr,’--- however, found that the changes in the blood produced by the 
injection of loop contents were not so marked as those found by Whipple. 
They also found no definite change in the chlorides even with a proi 
nounced rise in nonprotcin nitrogen. The injection of Witte’s peptone 
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the mtestine of a man who died from Hodgkin’s disease, and Ellis'’ 
obtained^ it from dogs with portal thrombosis. Sweet, Peet, and 
Hendrix-’® believed that the onlj- cause of death in dogs with a closed 
intestinal loop is distention and rupture of the loop. They found, as 
did previous workers, that a closed loop of the lower ileum was tolerated 
for long periods but that, if such a loop were made and filled with pan- 
creatic juice or pieces of pancreas, the animal died as in high obstnic- 
tion. They ligated the pancreatic duets in three dogs and these ani- 
mals lived for seven or eight days with a higli obstruction. They ob- 
tained a toxic material from the intestine of these dogs, but they con- 
cluded that it was not a proteose and believed that the sj''mptoms sug- 
gested choline bases as the toxic factor. They suggested that the 
sjTiiptoras of pancreatitis are due to intoxication with products of pro- 
tein cleavage and that tliis is true also in intestinal obstruction. Eaine 
and Perry®“ placed rubber tubes around the bowel and brought the ends 
of the rubber tubes out through the skin, thus producing a closed loop. 
When the tubes were tightened, the intestine was obstructed and the 
animals quickly developed symptoms, but when the tension was released, 
they quicldy recovered and the blood chlorides soon returned to normal. 
This experiment, however, is complicated by the fact that they Y'Ore 
dealing with not only a closed loop, but also an intestinal obstruction 
above the loop. 

Murphy and Brooks^® concluded that the toxicity of the material in 
an obsti'ueted loop was decreased by prolonged autolysis or by passing 
through a Berkefeld filter. Thej' also made a 20 cm. loop of jejunum, 
which Avas di’ained to the outside through a stab AAmund, and the dog 


Avas folloAved for five months. Wlien the loop Avas closed by opei’ation 
or by contractiire of the stoma, the dog became sick, but it recovered 
as soon as drainage AAms established. Slurphy and Brooks found that 
the thoracic duet fluid from a dog Avith a closed loop Avas not toxic but 
believed that they had demonstrated toxicity in lymph from the thoracic 
duet of a dog Avhich had a closed loop and in Avhich the loop Avas further 
distended by the injection of more loop contents from another dog. 


They also found that the contents of a gangrenous gall bladder Avere not 
toxic, but, if intestinal content Avas put into the gall bladder before 
<>-angrene Avas produced, the gall bladder fluid did become toxic. 

Burget and Ids co-AVorkers,''’ ® made closed looiis of ileum or jejunum 
Avhich they placed under the .skin. They found that distention of these 
loops AA-as accompanied by vomiting but that the dogs could ho kept alive 
indefinitely by tapping the loops and relieving the pre.ssure. 

Bi-oolvS Selmmacher, and Wattenberg" made 80 cm. closed jejunal 
1 ns and sutured the ends carefuny to produce the least pos.sihle 
I 7.,Tn'io-c Thev re-c.stabli.shed the continuity of the inte.stinal 

"ri irio., live! » I«... » U,r» .vet. T„ev 
” 1 tr but said that it Avas typical ot many simdar cases, fhe 
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in 1923, pointed out the drop in blood chlorides and showed tliat dogs 
could he kept alive by the injection of normal saline solution. Drag- 
stedt and Ellis’* showed that the loss of gastric juice from isolated 
stomach pouches caused dehydration, alkalosis, and death. Gamble and 
jMcIver^- and Elman and Hartmann’® showed that pancreatic fistula 
caused death by deh 3 'dration and acidosis. Elman and Hartmann’® 
believed that the cause of death in obstruction or fistula high in tlie 
intestine is due to the loss of the gastrointestinal secretions and sub- 
sequent change in bodj' fluids, but tlie.v do not believe that death in low 
oiistruetion is caused bj’' this means. Hartwell, Hoguet, and Beelanan"’ 
believe that there is no toxemia in intestinal obstruction, except that 
produced by the loss of water, unless the intestinal wall is damaged. 
Haden and Orr“ investigated the effect of other inorganic salts in pro- 
longing the life of dogs with high intestinal obstruction, Tliej' found 
no beneficial effect from potassium chloride, calcium chloride, or mag- 
nesium chloride. Sodium bromide apparenth' did some good but was 
not as effective as sodium chloride. Iodides, on the other hand, seemed 
to hasten the toxic process. 

Haerem, Hack, and Dragstedt’’ placed CL botuUmim toxin in the 
closed intestinal loop of a dog and the greatest amount was found in 
the blood on the fourth daj'. After x-raj' studies of the loops, the authors 
lielieved that there was some correlation between absorption of the 
toxin and distention of the loops. 

Horton and Sullivan” made 10 cm. closed loops of duodenum and 
ileum in the same dog. The animals were anesthetized eveiy twent.v- 
four hours and the contents were aspirated with a needle, measured, and 
returned to the loop. The amount of secretion in the ileum was found 
to be very small (1 e.c. in seventj'-two hours) but in the duodenum 
averaged 11.3 c.c. the first twent\--four hours, and 35.7 c.c. total at 
forty-eight hours. The intraloop pressure measured with a manometer 
was found to be four to seven times as great in the duodenum as in the 
ileum. They also noted a fall in blood chlorides and a rise in noniiro- 
tein nitrogen. Sperling®® found that an obsti-ucted bowel cannot absorb 
as much water as a normal bowel. An increase of intraintestinal pres- 
sure results in the gradual increase of water absorption until a pressure 
of 40 c.c. of water is reached, then absorption decreases and stops at 
75 mm. of mereuiw pressure. They found that strychnine does not pass 
llirough the wall of a devascularized bowel unless the pressure is in- 
creased. They also found a slight but definite delay in the absorption 
of strychnine from the obstructed bowel. 

South and Hardt®* placed a closed loop extraperitoncally under the 
skin with re-c.stahlishment of the intestinal continuity. They found 
tliat a toxemia developed but was relieved when the loo}) perforated. 
If they wa.shed out the loop with normal .saline solution, they thought 
the life of the dogs was somewhat prolonged. Eisbern’® placed a sLi- 
ilav closed loop between the fascial planes of the abdomen wall but 
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wliicli contains mainly proteoses, also cansecl no significant change in 
the blood chlorides. Autolyzing liver placed in the abdomen cansecl an 
intoxication, but there was no marked change in the chlorides. 

Davidson and Mason,^^ however, found that liver, free in the abdomen, 
did cause a rise in nonprotein nitrogen. Ingvaldsen, Whipple, Bauman, 
and Smith^' attempted to determine the chemical nature of the loop 
contents an extensive chemical analysis. They concluded that it 
was a nucleoprotein and that a small amount of histamine was pres- 
ent, but not enough to contribute to the toxicity. 

Hibbard and Kremen^^ studied tlie effect of the volatile base in loop 
contents and found that it produced toxic symptoms but did not kill 
the animals. The volatile base-free residue was nontoxie. 

Cutter and Pijoan'’ found an increase in the blood potassium in high 
intestinal obstruction and found tiiat dogs with high obstructions Averc 
killed by an injection of 10 c.e. of 1 per cent potassium chloride, Avhich 
is tolerated by normal dogs. Seudder, Zwomev, and Whipple^® found 
a rise in blood potassium in intestinal obstruction and attributed death 
to this factor. Bisgard, McIntyre, and Osheroff,“ and Jorgensen, Dietz, 
and Hill,®® on the otlier hand, found no evidence that potassium or 
change in the sodium-pota.ssium ratio contributed to the cause of death. 

Johnstone, Clasen, and Orr®® found that dogs Avith the major pan- 
creatic duct transplanted beloAv an obstruction lived three times as long 
as other dogs AAuth obstructions in the same location. The loss of the 
bile and pancreatic and duodenal juices is knoAV): to cause death (Drag- 
stedt and his co-AAmrkers,’® and Hill, Neigns, and Wilhelm j®®). 

White and Fender''® kept one dog alive a month, and another Iavo 
Aveek.s, by giving A'omitus Ijelow the obstruction throngli a Witzel 
enterostomy tube. Thc.se authors did not believe that any toxin is 
formed in nonstrangmlated boAvel and that eliloridc neutralizes any 
toxin. Hill and O’Connell,®* on the other hand, administered duodenal 
contents to dogs Avith high inte.stina) ohsinwtmi and AA'cro not aide to 
prolong life. 

Cutting*® found that adrenalectoinized ral)l)i1.s Avere le.ss able to Avith- 
stand the injection of loop content than Averc normal rabbits, and otiiers 
liaA’e directed attention to the similarity in symjdoms of intestinal 


obstruction and bilateral adrenalectomy. .Several iin-estigators have 
considered the possible relation.shij) of Bacilbis u’clrhii in the causation 


of toxic symptoms. McIa’ci' and his co-Avorkers*® found no effect fi-otii 
B H'clchii antitoxin in preventing synii)1oms of i?itesfinal obstnictioii 
in cats Avith closed loojjs. C’oplier. Slone, and ITildreth,’' on the other 
Jrind found that the antitoxin made dog.s with closed loops Jive an 
. vera'"e of 4-6 days compared to 2.3 days in the untreated dotrs. 

Il-icrem Hack, and AVilsoir' Avere able to denionstnite no evidence of 
riodrhlium a-flrJf if toxin in loop niiul by in.iecting this fluid into mice. 

^ H- rtAvell and HogueJ,®' in 11112, stated that tlu' eaiisc of death in lii'Hi 
■ testiird obstruction is the loss of fl.iid by vomiting. Ilarien ami Onv' 
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the dogs lived twenty-five hours compared to sixty-six hours u-ithout 
the bag. They considered this demonstrated a striking prevention of 
toxemia. 

The experimental investigations which follow were undertaken in an 
attempt to provide new light on sevei'al of the controversial questions 
which are apparent in the above review. 

EXPERIMENTAL 3IETHODS AND RESULTS 

Operative Procedures . — The operative procedures carried out in this 
study were all performed under ether anesthesia administered by 
tracheal intubation after induction in the ether box. No preliminaiw 
medication was given. Aseptic precautions were observed in all cases. 
The abdomen was entered through a midline incision and the jejunum 
below the suspensorj' ligament of Treitz was identified uith a minimum 
of trauma. After one of the several procedures described below, the 
incision was closed in three layei’s (peritoneum and muscle, subcutane- 
ous tissue, skin) using No. 8 cotton thread as suture material. 

Series I, Simple Obstruction. — The jejunum was firmly ligated with 
twilled tape at a point about two feet below the ligament of Treitz. 

typical protocol 

Long-haired brovn mongrel male (weight 13 lb.) 

9/29/39 Obstruction 

9/30/39 Stuporous, refuses food 
10/ 1/39 Stuporous, takes some water 
10/ 2/39 Found dead, 8 a.m. 

Necropsy: No peritonitis; intestine above ligation moderatelv dilated; below, mod- 
erately collapsed; loop of gut adherent to tie region; mucosa of intestine 
hemorrhagic; 20 c.e. of reddish brown material with pronounced fecal 
odor collected from above obstruction. 

The material collected from the inte.stine was filtered through gauze or was eon- 
centrated by YVliipple’s method and injected. 

As Mill be noted in Table I, the i-esults obtained when intestinal con- 
tents from an obstructed bowel were injected intravenously varied 
considerably. Tliere seemed to be no relationship between the amount 
of material injected and the effect produced and no increased effect was 
obtained by concentrating the material according to AVhipple’s method. 
In fact, in this series, the concentrated material was apparently le.ss 
toxic than the untreated contents. 

Series II, Normal Intestine. — In this series intestinal content vvas 
obtained from dogs which had been sacrifieed in some other investiga- 
tive work. Tlie contents were obtained .shortly after death and were 
milked out of the upper intestine. The material was strained tlirough 
gauze and immediately injected intravenously into a healthy dog. 

Comvicnt. In general the effect produced by normal intestinal con- 
tent was at least as pronounced as that obtained by the injection of the 
contents of obstructed bowel. 
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found that this did not prolong life. When the loop was placed outside 
the skin, the animal lived and was not affected. When the loop was 
inside the abdomen or in the abdominal wall, the dog died in seventy- 
two hours. 


Scott^“ made strangulated loops with and without ligature of the 
arteries. He found that the weight of the strangulated intestine in- 
creased from 133 to 490 per cent. Peritoneal fluid was increased and 
he found that the protein content of this fluid was tlie same as that of 
blood. The peritoneal fluid was not toxic when injected intravenousl}’ 
unless the loop liad ruptured. Stiyehnine, histamine, or tetanus toxin 
was absorbed more slowlj^ than normal from such a stz’angulated looii. 
Scott calculated that a strangulated bowel five feet in length would 
cause a loss of as much as 66 per cent of the total blood volume. 

Maycoek^* placed a bag around a loop of strangulated bowel and col- 
lected the transudate. When this fluid was injected intravenously, he 
found an acute depressor effect which he believed M'as accounted for 
by the amount of histamine and choline present. 

Knight and Slome^* collected the blood from mesenteric veins drain- 
ing a strangulated loop, and found a depressor substance present. They 
also discovered such a substance in Ijmiph from the thoracic duct. They 
performed cross-circulation experiments in which one animal supplied 
blood to the strangulation of the entire small intestine of another ani- 
mal. The donor was not affected by the blood loss and the life of the 
other animal was not prolonged. Knight*’ found that the release of a 
strangulated segment of bowel causes 15 per cent mortality in very sick 
animals due to the release of toxic material in the veins. 

Holt^® found that in strangulation of long loops of intestine (40 cm. 
or more) over 50 per cent of the blood volume goes into the loop and 
this is sufhcient to cause death in dogs. He found that, M'hen a strangu- 
lated loop is put into a rubber bag, life of the animal is not prolonged. 
He also found that contents of such a loop of twelve hours’ duration or 
the fluid in the peritoneal cavity was not markedly toxic when injected 


intraperitoneally. The transudate in the bags around the loop was 
injected intraperitoneallj' and produced only vomiting, tremor, and 
weakness when 200 c.e. were injected. He concluded that toxemia is of 
minor importance in long, strangulated loops, but considers the loss of 
blood to be the main factor. He placed a strangulated loop 20 cm. long 
in a bag and drained the bag to the outside. One dog was used and 
this animal remained well. He concluded that life is prolonged in a dog 
with a loop of moderate length if absorption of toxin is pi-evcnted. He 
made a previous anastomosis around the loop so that there was no 


bstruction present. , , , , , i 

Foster and Hauslei"’ placed a bowel scij;mvnt m a thni rubber bag and 
• 1 rubber catheter around the ba.se tight enough to nbslrnct (he 
^ -With loops twenty-four ineJics long the length of life was not 
.rolonged by use of the bag. When .short loops were used (J2 inches), 
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TYPICATj pkotocol 

White, binooth-haired mongrel female (n eight 20 lb.) 

10/2P./39 Obstruction 

10/24/39 Has not vomited with exception of bile-stained 
vomitns on recovery from, anesthesia 
10/23/39 Dog, rvliicli appears well, etherized, and 
necropsy performed 

Necropsy; No gangrene, no peritonitis; loop enlarged and dilated; 150 c.c. clear, 
pink fluid collected from bag into beaker containing 4 c.c. of 2 per cent 
potassium oxalate 


Table III 


Results in Sepaes III 


INJECTED 

INTO 

DOG 

NO. 

HETHOD £ 

or IN- 

jEcrnoN 

SOXJRCE ; 

DOG 

NO. 

material 

injected 

TIME 

ATTEn 

OBSTKUC' 

TION 

PRODUCED 

AMOUNT 

result 

22 

Intra- 

venous 

430 

Bag contents from 
obstructed loop 

24 hr.; 
etherized 

20 c.c. 

No cSeot 

26 

Intra- 

venous 

429 

Oxalated bag con- 
tents from ob- 
structed loop 

48 hr.; 
etherized 

50 c.c. 

Imperceptible 

27 

Intra- 

peritoneal 

432 

i 

Oxalated bag con- 
tents from ob- 
structed loop 

72 hr.; 
etherized 

i 

60 c.c. 

Immediate vio- 
lent reaction ; 
i several days 
diarrhea; ulti- 
mate recovery 

28 

Intra- 
venous 1 

1 

431 

Oxalated bag con- 
tents from ob- 
structed loop ; 

48 hr. ; 
etherized 

50 c.c. 

Xo pltvsical 
signs 

29 

Intra- 

peritoneal 

430 

Oxalated bag con- 
tents from ob- 
structed loop 

72 hr. ; 
etherized 

30 c.c. 

No reaction 

30 

Intra- 

pcritoneal 

434 

Bag contents from 
obstructed loop 

72 hr.; 
etherized 

48 c.c. 

No effect 

31 

Intra- 

pcritoneal 

440 

Bag contents from 
obstructed loop 

72 hr.; 
etherized 

100 c.c. 

Slight discom- 
fort which dis- 
appeared 


Intra- 

venous 

441 

Bag contents from 
obstructed loop 

72 hr.; 
etherized 

15 c.c. 

No physical 
sraptoms 

35 

Intra- 

venous 

443 

O.xalatcd bag eon- 
tents of ob- 
structed loop 

72 hr. 

40 c.c. 

No reaction 

36 

Intra- 

jvenous 

444 

Oxalated bag con- 
tents of ob- 
.structed loop 

96 hr. 

50 c.e. 

No gross reac- 
tion 


Comment. itli one exception tliere was little effect produced bv the 
injection of tbe tvansudatc eolleeted in tbe bag aronnd the loop. One 
dog had immediate vomiting and rapid re.spiration. followed by several 
days’ diarrhea. Another dog apparently had some slight discomfort 
which soon disap]ieaved. 

Sr.Rir.s IV, iNc.tucr.R.vTED OnsTuurTnn Loop IVitii A nasto.mo.sif.— 
Operative Pmrrdura;.— -The loop of ,ic.iunum was incarcerated and oh- 
strncted as m Series Til. In ad<iition. a sido-to-sidc annstonio.si.s was 

performed on the projecting limbs of tlie loop, re-e.stablisliin- the eon 
tinuity of the gut. 
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Table I 


Eesults in Series I 


INJECTED 

INTO 

DOG 

NO. 

METHOD 
OP IN- 
JEC?riON 

SOURCE: 

' dog 

NO. 

MATERIAL 

INJECTED 

TIME 

AFTER 

OBSTRUCTIO^ 

PRODUCED 

^ AMOUNT 

RESULT 

17 

Intra- 

venous 

424 

Untreated contents 

from simple ob- 
struction 

72 hr.; nat- 

ural death 

3 C.C. 

Violent 

death 

IS 

Intra- 

venous 

424 

Whipple ppt. of 
contents of sim- 
ple obstruction 

72 hr.; nat- 
ural death 

20 C.C. 

No eil'oet 

20 

Intra- 

venous 

424 

Contents from 
simple obstruc- 
tion treated bj' 
IWiipple method 

72 hr.; nat- 
1 Ural death 

30 C.C. 

No effect 

20 

' Intra- 
venous 

426 

Untreated contents 
of simple ob- 
struction 

4S lir. ; nat- 
ural death 

15 C.C. 

Violent 

death 

21 

Intra- 

venous 

426 

Whipple ppt. of 
eontents of sim- 
ple obstruction 

4S hr.; nat- 
ural death 

17 C.C. 

No effect 

23 

Intra- 

venous 

423 

Purified by AWiip- 1 
pie ’s method from 
simple obstruction 

5 days; 
etherized 

35 C.C. 

Slight hy- 
perpnea 
and nausea 


Series III, Incarcerated Obstructed Loop. — loop of jejnnnin 
approximately eight inches in length was incarcerated in a thin rubber 
bag. The afferent and efferent limbs of the loop were then firm]}' 
ligated with twilled cotton tape, including in the ligature a portion of 
the neck of the bag. Tlie ligature on each limb was passed through the 
mesentery close to the gut, avoiding the inclusion of blood vessels, thus 
preserving the blood supply of the segment. The omentum was looped 
about the tie region and held in position mfh one or two sutures. 


Table II 

Resulto in Sekies II 


INJECTED 
INTO 
DOO 
NO. 


19 


31 


37 


METHOD 
OF in- 
jection 


Intra- 

venous 


Intra- 

venous 


Intra- 

venous 


Intra- 

venous 


SOUKCE: 

DOQ 

NO. 


397 

397 


MATFJ’.IAL 

INJECTED 


ITME 
AFTER 
I OBSTRUC- 
TION 
iDROnt'CRn 


t <Io"s used 
in .Tiininr 
Sur"erv- 

1 dn;is used 
in .Tiinior 
Surgery 


Contents of nor- 
mal intestine 


Contents of nor- 
mal into.stine di- 
luted and strained] 
tliroufrh pniizo 


Normal intestinal] 
eontents 


Normal intest iiiulj 

eontents 


AMOUNT 


RESULT 


SO e.c. jVomited vig- 
orously ; 
died during 
night 

1 ." e.e. j.Shnek riuie- 
tion 'vilh 
liypernen, 
urination 
and defecn- 
linn 

"0 e.e. jllyperfinen ; 

and slioch; 
di-ath in 91 
hr. 

I lyperjine.-i ; 
ifeatfi lit 
jdioiit .' hr. 
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TYPICAL PROTOCOL 

Black and Drown long-hairea mongrel male (weiglit 12 lb.) 

1/3/40 Strangulation 
1/4/40 Bound dead, S a.m. 

Kecropsy: Loop gangrenous but not perforated; intestine above obstruction mod- 
eratelv dilated; below, moderately collapsed; 75 c.c. dark, red fluid wlucli 
did not clot collected into beaker; characteristic foul odor 


Table YI 

Results in Sef.ies YI 


XK3ECTED 

INTO 

VO<S 

NO. 

ilETHOB 
OF IN- 
JECTION 

source: 

DOQ 

NO. 

MATEFJAE 

INJECTED 

OTME 

AFTER 

OBSTRUC- 

TION 

EROnUCEU 

amount 

RESULT 

32 

Itltra- 

venous 

438 

Bag contents from 
obstructed gan- 
grenous loop 

48 hr.; 
natural 
death 

100 c.c. 

! 

Typical violent 
reaction; died 
during night; 
early peritoni- 
1 tis 

41 

Intra- 1 
1 venous i 

463 

Bag contents from 
obstructed loop 
with ligated blood 
supply 

24 hr.; 

found 

dead 

i CO c.c. 

! 

i Tachycardia 

I 

42 

Intra- 

venous 

409 

1 

Bag contents from 
obstructed throm-' 
botic loop; gan- i 
grenous and per- 
forated 

48 hr,; 

found 

dead 

35 c.c. 

Shock symp- 
tom; died dur- 
ing night 

43 

Intra- 

venous 

474 

Loop contents of 
obstructed, throm- 
bosed loop; gan- 
grenous, not per- 
forated ; early 
peritonitis 

24 hr.; 

found 

dead 

10 c.c. 

Violent reac- 
tion; died 


Comineni . — Fluid obtained in a bag around a strangulated loop pro- 
duced marked and severe symptoms when injected intravenously. 

Series VII. — Because of tlie difficulty of determining by obsei’vation 
of the animal whetlier any effect is pi'oduced by the intravenous injec- 
tion of intestinal content, another method tvas sought whieli could be 
used independently as a measure of the effect of the injection. This 
was found in the behavior of the leucocytes. Leucocyte counts were 
made before injection, five minutes after injection, and twenty-five 
minutes after injection, and the results are given in Table VII, 

COMMENT 

In tlie eigliteen experiments of all types at least two-thirds showed 
a definite ieucopenia induced by tlie injection. In many eases hiicopenm 
occurred when there was no other apparent effect produced by tlie 
injection; but, when olijeetivc symptoms were seen, Ieucopenia a'hva.vs 
occurred. 

In the four experiments of the Series I type (simple obstruction) 
ieucopenia occurred in all, but physical signs appeared in only two. 
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typical protocol 

Brindle bull dog, female (weight 12 Ib.l 
10/18/39 Obstruction 

10/19/39 Dog, wliich appears well, etlierized and posted 

hecwpsy: No gangrene, no peritonitis; anastomosis in good condition and not 
leaking; loop dilated; IS c.c. of clear pink fluid which clotted immedi- 
ately collected from the bag 


Table IV 

Results in Series IV 



METHOD 
OF IN- 1 

JECTION 

SOURCE: 
DOG 1 

NO. 

MATERIAL j 

INJECTED 

TIME 

AFTER 

OBSTRUCTION 

PRODUCED 

AMOUNT 1 

RESUIiT 

m 

Intra- 

venous 

428 

'Bag contents; 
limbs anasto- 
mosed 

24 hr.; 
etherized 




Comment . — Here again no effect was produced by the injection of 
the fluid obtained in the bag. 

Series V, IMesenteric Thrombosis. — Tlie mesentery of a large por- 
tion of the small intestine was encompassed in a ligatiu’c near its verte- 
bral attachment. The ligature was drawn tightly enough to occlude 
the mesenteric i^essels. 


TYPICAL PROTOCOL 

Yellow, smooth-haired mongrel female (weight Ifi lb.) 

12/29/39 Ligation 
12/30/39 Etherized and posted 

Xecropsy: Gut gangrenous and sero.sal vessels injected; 10 c.c. fluid collected from 
peritoneal cavity and 5 c.c. blood collected from thrombosed vessels 

Table V 


Results in Series V 


INJECTED 

INTO 

DOG 

NO. 1 

SIETHOD 
OF UV- 
JEOriON 

SOURCE : 

DOG 

NO. 

MATERIAL 

injected 

TIME 

AFTER 

onsTiiuc* 

TION 

PRODUCED 

AMOU.NT 

RERUIiT 

39 

Intra- 

venous 

•159 

Peritoneal fluid 

from mc.'ientcric 
thrombosis 

24 hr.; 
etlierized 

10 c.c. 

A'o reaction 

40 

Intra- 

venous 

4.19 

Blood from throm- 
Ijosed mc'onterio 
veins 

24 hr.; 
cthcrizcfl 

o c.c. blood 
20 c.c. saline 
v'^oluf ion 

No reaction 


Comment . — Neither the peritoneal fluid in flic abdominal cavity nor 
blood from the mesenteric veins in a dog with mesenteric thromlinsis 
produced visible symptoms when injected into another flog. 

Series VI, Incarcerated Straxgueatjti Loop. — A looii of jejunum 
nroximatcly eight inehe.s in length was ineai-eeraterl in a rubber bag. 
A lim-iture of twilled tape wa.s placed firmly about the neck of tlie bag 
fbe liimina of both limbs of the loop as well as the bloofl 
t it «■», Inn,,lv ll.o liL.,„„r, 

irplaM ,vitl, one or t"'" nndiren. 
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The results obtained in Series YII demonstrate the fallacy of draw- 
ing conclusions about the toxicity of material injected intravenously 
from objective symptoms alone and explains some of the contradietorj' 
evidence presented by diffei'ent investigators. The fact that leucopenia 
was always produced along with toxic symptoms and was produced 
also in many animals where no sjuiiptoms were manifest indicates that 
it is a more sensitive index of toxicity. 

Using leucopenia. as a criterion, our experiments show that the 
material in a normal intestine and the contents of an obstructed loop 
both are always toxic when injected intravenously and one is about as 
toxic as the other. 

With the same index of toxicity, the transudate from an obstructed 
loop is only occasionally toxic, but, if the loop is strangulated, the 
ti'ansudate is always toxic. 

Similarly, in the ease of the peidtoneal fluid in mesenteric thrombosis, 
although no sjnnptoms occurred when it was injected, deflnite leuco- 
penia showed that it was toxic. 

Although peptones and proteoses are known to produce leucopenia 
when injected intravenously, the production of leucopenia is not a 
specific test for them since a number of other substances have the same 
effect. Leucopenia is, however, in our opinion, an evidence of some 
type of shock, and the symptoms produced when intestinal content is 
injected are also a manifestation of some type of shock. The prob- 
ability is that the leiicopenia and the sjunptoms are both signs of the 
same phenomenon, but the leucopenia happens to be moi’e constant 
and more easily detected. 

In a consideration of the I’elationship between the shock, which 
can be produced by injection of material intravenously, and the 
symptoms of intestinal obstruction, one factor has always been ignored 
and that is the factor of time. In order to produce shock, intestinal 
contents or transudate must be injected vithin a relatively short 
period, and in all probability, proteoses, peptones, or other substances 
which produce shock under the usual experimental conditions could be 
Riven very slowly without producing any disturbance in the animal. 
There is unquestionably something in the bowel which, when rapidly 
injected, produces shock. This substance or substances pass through 
the wall of the bowel into the peritoneal cavity when the intestine 
becomes devitalized, but the intravenous injection of this material can 
never provide incontrovertible evidence of its role in the causation of 
symptoms in intestinal obstruction. 
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Table VII 

Leucopenia Induced by Injection 


matehial 

HOURS 

AFTER 

preparation 

AjrOUN 

IN- 

JECTED 

r GKOSf 
SYMP 

TOMS 

- FATAI 

LEUCOeVTES 

FROM 

SUR- 

GERY 

' NOR- 
MAL 

5 

MIN. 

"3 

MIN. 

Series 1 

72 

IViiipple 


0 

0 

^ETiTiT 



Series 1 

4S 

filtered t li r o u g 1 
gauze 

15 c.c 

■H-H- 

-t- 

B 

E|| 


Series I 

48 

Wliipple 

17 c.c. 

0 

0 


Vw 1 ni 


Series I 

5 claj's 

Wliipple 

17 c.c. 

-H- 

0 

in^ 

Ui nil 

S5S0 

Series II 


Diluted ivith H,0 

15 c.c. 

-H-H- 


■RMsfi 

Ktt^il 


Series II 


Diluted and strained 
through gauze 

20 e.c. 

-H-H- 

+ 

n 

12000 

(10 

min.) 


Series III 

24 

None 

20 c.c. 

0 

0 

10200 

lOSOO 

11000 

Series III 

48 

O.valated 

50 e.c. 

0 

0 

13700 

14500 

iinnn 

Series III 

48 

Oxalated 

50 C.C. 

0 



2000 

(.30 

min.) 


Scries III 

72 

Oxalated 

15 c.c. 

0 

0 

iBilil 

12100 


Series III 

72 

Oxalated 

40 c.c. 

0 


iraiiifij 

14000 

14150 

Series III 

9G 

Oxalated 

50 c.c. 

0 

0 

lirnMil 

12000 

14000 

Series V 

24 

Diluted and strained 
through gjiuzc 

2.3 c.c. 

■H- 

+ 

H 

10000 

8000 

Series V 

24 

None 

10 c.c. 

0 

0 

14.020 

11500 

tfiwiia 

Series V 

24 

None (blood) 

0 c.c. 

0 

0 


5100 

(!200 

Series VI 

24 

None 

60 c.c. 

+ 

0 

liiiifil 

2200 

14500 

Series VI 

48 

None 

15 c.c. 

++H- 

+ 

■mil 

3000 


Series VI 

24 

None 

10 c.c. 

H-H- 

■b 


5400 
(2 hr.) 1 



In the two experiments whei’e normal intestinal content (Series II) 
was used, symptoms and leucopenia were present in both. 

There were no objective symptoms in the six experiments in Series III 
(transudate in liag around obstructed loop). In one there was a 
striking leucopenia and in two there was a very slight reduction in 
the white cells. 

In the cases of mcsentcrie thrombosis (Scries V) tlie fluid in the 
abdominal cavity lu’odueed .symptoms in one instance but not in the 
other, but there was a Icucoiicnia in both. Blood from the mesenteric 
veins from one of the mc.senteric thrombosis dogs produced no sympfoiiis 
and no leucopenia. 

Fluid from a bag around an obstructed .stramrulatcd looj) (Scries VT) 
jirodueed symptoms and leucopenia in all instances. 

DI.SCL’.SSION .\XI) CONCI.f.SIOXS 


tVe are unable from this study to draw conclusions about whether 
or not a ban around an obstructed loop prolomrs the life of the cxiicri- 
montal animal for two reasons: (1) Tii(> ban filled up .so raj, idly with 
'I'tlnl if 1^"^ sacrificed, the ban would licconic over- 

I' l ‘ind leak. (2) Even (hounh the obstructed loop aas in a 
distciu < intestinal obstruction above the looji. 

bag, the anim.n 




INTUSSUSCEPTION IN AN ADULT DUE TO 
SUBjMUCOUS LIPOaiA OP THE ILEU]\I 

Thomas W. Botsfokd, M.D., and Francis C. Newton, jM.D., 
Boston, Mass. 

(From the Surgical Service of the Veter Bent Brigham Hospital) 

INTUSSUSCEPTION in adults is a rare but important cause of 
A intestinal obstruction. It is well known to students of the condition 
that a definite cause for intussusception, usually tumor, is commonly 
found when it occurs in adults ; whereas, in cases occurring during in- 
fancy, a causal factor is rarely found. In this report we wish to present 
and to comment upon a case of intussusception in an adult due to a 
.submucous lipoma of the ileum. 

CASE REPORT 

C. M., a a Kite single male, aged 57 years, entered the hospital July 24, 1940, 
complaining of generalized abdominal pain of forty eight lionrs’ duration. The 
pain nas sudden m onset and ivas coliclike. There was no radiation of the pain 
and the patient stated that it was localized in the region of the umbilicus. There 
had been no previous attacks of abdominal pain. About twelve hours before entrj 
the pain became more severe but was of the same character. Shortly after the 
onset the patient began to vomit everj thing taken by mouth and continued to do 
so. The bowels did not nioie after the pain began, but previously there had been 
no changes in the bowel habits. No bloody or tarry stools had ever been noticed. 
The patient’s health in the past had always been good except for a perianal abscess 
file years before. 

One brother had carcinoma of the rectum. There was no family' history of 
diabetes, tuberculosis, or diseases of the blood 

On ex.amination the patient was a well developed, moderately obese, middle aged 
man who appeared acutely ill. The heart and lungs were normal The abdomen was 
distended and there was tenderness in the right lower quadiant. No masses were 
palpable and no peristalsis was audible Rectal examination showed a symmetrically 
enlarged prostate, and there was bloody mucoid material on the examining finger. 
The rectal temperature was 99°, the pulse was 120, and the blood pressure was 
170 systolic, 100 diastolic. Admission diagnosis was acute intestinal obstruction. 
Ilxamination of the blood showed a red cel! count of 4,000.000 with 90 per cent 
hemoglobin (Tallqiist) and a white cell count of 9,400 wnth SO per cent polymor- 
phonuclear leucocytes, 9 per cent lymphocytes, and 2 per cent monocytes The 
urine was normal except for a rare white blood coll. The Wassermann test was 
ncgatiio 

Pareiiter.al fluids were administered to the patient, and shortly after entry he 
passed a bloody, watery stool. A barium enema was guon soon after entry. The 
report w.is as follows; “The opaque enema filled the colon rapidly and well up to 
the ileocecal region, where there was a central filling defect 5 cm in width and 
s cm in length This was apparently entirely inside the lecum and ascending 
Colon with no defect in the wall of the bowel, but there was a concaxity in tlie 
ihoic^l Miho. The film after oincuation shows x.alvulac eonnnontos of small 

Itecilxtd for inilillcation. Oct 14. 1^40 
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various intervals strands of dense connective tissue extended among tlie fat cells 
of tl\e tumor. In a few regions there was foreign body reaction to fat liberated 
by the breakdown of tumor cells. Except for some hemorrhage in the mucosa and 
edema in the submucosa, the other tissues of the intestinal wall were not altered 
from the normal.” 

COSIMENT 

This was the fifth instance of intussusception in adults at the Peter 
Bent Brigham Hospital between the yeare 1913 and 1940. In only one 
ease tvas no exciting cause found. The causes in the remaining eases 
were; Ijunphoma of the ilenm, congenital band of the ileum, and sub- 
mucous lipoma of the ileum. The case presented above is the second 
intestinal lipoma causing intussusception at this clinic. The previous 
instance of lipoma of the ilenm caused reeurring intussusception and 



Fig. 2 — Photomicrograph of a iection of the submucous lipoma of the ileum. 


has been reported by Oughterson and Clieever.' The finding of an 
etiological agent in four out of five patients agrees with the experience 
of most .surgeons with mtus-susception in adults. This is in strikin" 
eontra.st to the problem in infancy and childhood as is well illustrated 
by the study of 372 eases of iutussnsooption in those age groups by 
Ladd and (5ross= in which a causal factor was discovered in only 5 
per cent of the series. 

1 oston. in 1934, jiointed out that iute.stinal li])omns are uncommon 
ami eollceted SO cases from the literature in which iiilu.s.su.secpf ion was 
initiated by a Upoma of the iute.stinal tract. IVc have found 
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bon el inside the large bon el. Tins is conclusive proof of intussusception of the 
small bowel into the cecum and ascending colon.” 

With a preoperative diagnosis of intussusception operation was undertaken about 
five hours after admission. Under ether anesthesia a right paramedian incision 
was made; nhen the peritoneal cavity was entered, the leading point of an ilcoileal 
intussusception was found appioximately 15 cm. pioximal to the ileocecal labe. 
The mass was about 20 cm. in length and was easily reduced. The blood supply 
was in excellent condition but there was considerable edema present. When the 
intussusception was reduced, the leading point was found to coincide with a 
pedunculated mass the size of a walnut within the lumen of the bowel. There was 
dimpling of the antimesenteric bolder of the ileum wheie the mass was attached. 
Resection of the portion of the intestine containing the tumor was performed and 
the continuity of the lumen was restored bj' an end-to end anastomosis. The wound 
was closed and the patient returned to the ward in good condition. 



Photocrapli ot the «!pccliiicn opcnrcl. Miowlntr tlie pefluticiilnteil llpoiii i nnil 

^ *e* ^ hcmorrlnKc nntl eilcma of ttic 1111100*^11 of lloiiin 

The patient was febrile for four days postoperatiicly ami on the sinenlh and 
• 1th postoperatiio day. Tlie (aii«e of the feier was a reeiirrenee of an oM 

■“•isrd and drained and Ilie fmer promptly siibsiderl. 

per priimiro. The jeitient was disrh'irgid on the 
at winch lime he was n-y mptomalic and r.ilini.' a 

the s|)Ociinen fl'igs 1 and 2) wa- I-enIgn “ub 
the ileum- “The tumor was ronipo-ed of f-it ri-lh 
areas of fetal fat tia-oe or of spindle eell* \t 


jorianal absee-. in.s 
riic abdominal wound healed 
iLxtecnth day after operation, 
■iill, house diet. 

The pathologist ’s reper 
nucous pedunculated Iipoma o 
,f adult type. There were m 
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addilioiial cases of the same nature reported since 193i. It is not difhcult 
to visualize the mechanics of intussusception initiated hy a pednncnlalctl 
intraluminal intestinal tumor, such as a lipoma. According’ to AVardill,’’ 
tlie tumor acts as a foreign body -svitliin tlie lumen of tlie gut and 
produces spasmodic contraction of the gut around it and inhibition of 
tJie bomel just distal to it. Tims, the bowel is prepared to invaginate, 
and the contracted portion with the tumor may enter the dilated segment. 

The clinical picture of intussusception in adults is usually not as 
clear cut as that in infants. However, the present case presented eolic- 
like abdominal pain, nausea, vomiting, obstipation, and grossly bloody 
stool. No mass was palpable but otherwise this instance from a clinical 
viewpoint was very similar to intussusception in infants. Moz'c often 
intussusception in adults is less acute and the symptoms are milder 
and recur at varying intervals. Grossly bloody stools are seldom seen, 
and a mass in the abdomen is not eommon}y palpable. The barium 
enema will make the diagnosis if the intussusception is of the ileocolic 
type, as it did in this case. However, if the advancing point of the 
invagination has not entered the ileocecal valve, the disease cannot be 
ruled out by barium enema. Moreover, if the symptoms are at all 
suggestive of intestinal obstruction, it is not desirable to give barium 
by mouth. 

The catholic method of treating intussusception is operative. The 
invaginated bowel is reduced and a thorough search for tumor should 
be made. If tumor is found, as it is in the majoritj’’ of cases in adults, 
it should bo removed. It must be remembered that the benign tmnor.s’ 
of the bowel sucli as lipoma, adenoma, and polypi may be multiple. As 
])ointecl out by otliors,' if a tumor is not found at the apex of the 
intussusception, the bowel should be examined both proximall 3 " and 
di.stalh', since the tumor is not alwa.vs llic exact leading point of the 
intussusception. The therapeutic use of the barium enema in intussus- 
ception has been advocated bv a few for many years and 77ioro 7 ’oce 7 it!y 
1)3’ ’\VilIia7ns.’‘' The di.sadva77tagc.s of this use of the bnrimn one7na sce7Ti 
to ns far to outweigh the advantages. 

SUMMARY 

1. A case of infus.su.scei)lion in a7i adult due to a submucous lipoimi 
of the ileum is reported. 

o 2Nlncl3''fivc cases of iiitussusceptio77 iii adults due to lipotiias of tin; 
i 7 itc.stinc arc found in tlie ]ite7’a(u7-c. 

3 The value of the barium cno77ia in 7iiakinjr the diapnosis i.s poitiled 
out and its limitations noted. 

4 l 7 jtussiisccplion iu adults is froftiumlly i7,ilialed by intestinal 

'i 7 id the importance of .sea7-eiiin!' for finiior in adults at oiierafioii 
forbitosusccption is -stre.s.ed. 
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undigested food, blood in the intestines, ulcers eitlier primarj’ or 
secondarj' to foreign bodies, and circulatory disturbances of tlie mesen- 
teric vessels. A local enterospasm incident to or follovring either the 
spontaneous or operative reduction of a strangulated liernia may he 
sufBcient in degree to produce an intestinal obstruction. This type of 
mechanism, local in its stimulation, is easy to understand and may be 
accepted almost without reservation. On the other hand, the cases in 
the second group, in which the causes of a reflex ileus have been ascribed, 
to di.staiit foci are less clear. Some have been ascribed to lesions in- 
volving the celiac plexus. Others seem to follow contusions of the 
abdomen, and many which appear incident to operative trauma have 
been grouped under “postoperative spastic ileus.” Then there are some 
cases which seem to accompany lesiorrs of other organs, either intra- or 
extraperitoneal in their location. The third and final group, embracing 
causes which act by way of the central nervous system, include both those 
cases in which the lesions are organic in nature and those which have 
been ascribed to psychogenic disturbances. 

The pathologic appearance of obstructing lesions in the large bowel at 
the time of operation is extremely varied. Either one or more of its 
major anatomical partitions or tlie entire colon from the cecum to the 
rectosigmoid may he so firmly contracted that the bowel is almost ropelibe 
in appearance and consistency. Usually, however, the area involved is 
nmch smaller in its extent and may involve but a few inches of the bowel. 
Tlii.s ai'ea is ordinarily represented by a firm, hard, smooth mass which 
seems almost bloodless and appears anemic. At other times the area is 
definitely constricted and the bowel appears as though it were tied with 
a cord. If the spasm lias been present for a long period of time, not 
only the colon, which is proximal to the obstruction, hut the entire small 
inte.stinc may be dilated and atonic. While these findings may be pres- 
ent at the time of operation, they may disappear under the manipula- 
tions of the surgeon. It should also be borne in mind that an obstruction 
which may have been demonstrated both clinically and by x-ray may 
disappear completely under the influence of anesthesia. In these cases 
the operator may find nothing to account for the intestinal obstruction. 
In rare instances the evidences of muscular spasm have been known 
to persist even after death, although the lesion at this time i.s usually 
recognized only by the dilatation of the bowel above the point of the 
original spasm. Histologic examination of this area as a rule reveals 
nothing, althougli in one case, which will he subsequently mentioned, 
there was liyiiertrophy of the inte.stijial musculature. Oeeasioually a 
spastic inte.'-tinal olist ruction may follow a .surgical operation. This mav 
he verified either at tlie time of the second e.vploratioii or at autopsy. 

It might be iiistriieiivc at (Jus point to review some of the reported 
cases and those in our own scrjc.s. elas.sifyin.r them aceordiim to the 
location and the e.xtent of the colonic spasm. 



COLONIC SPASM AS THE CAUSE OF INTESTINAL 
OBSTKUCTION 


Ralph Colp, M.D., New York, N. Y. 

(From Ihe Surgical Service of the Mount Sinai Eospital) 


' I '‘HE finding’ of either a spastic cecum or sigmoid flexure in the course 
■I of a routine physical examination is a frequent obsen'ation and 
occasions very little comment. Howe^'er, a muscular spasm of the large 
bowel Avliieh is sufficient in its intensity and duration to occlude fully 
its lumen and thus produce an intestinal obstruction is rare. In 1896 
Murphy, while operating upon a patient suffeiung from lead poisoning, 
found a spastic obstruction in the bowel. A year later Heidenhain'^ 
presented 3 eases of spastic ileus before the German Surgical Congress. 
"While the interpretations of his observations were seriouslj' doubted at 
the time, subsequent case reports have given unqualified support to his 
original contentions. Nagel,^'* in 1910 was able to gather 51 cases from 
the literature and reported 2 of his omi in which spasm of the wall of 
either the small or large intestine was so marked that an intestinal ob- 
struction occurred. Zimmerman^^ in 1930 in a collective review of this 
interesting subject reported 150 eases in which the condition had been 
definitely demonstrated either at the operating table or at post-mortem 
examination or both. To this number he added 2 obsenmtions of his 
owm. Steigmann and Singert® I’eported 15 cases, including 1 of their own, 
in which an idiopathic neurogenic spastic ileus terminated fatallj'. Our 
interest in this subject was stimulated by the recent observation of 5 
cases of large bowel obsti-uetion in which a preoperative diagnosis of 
malignanej’’ wms made, and in which subsequent events warranted tbe 
diagnosis of muscular spasm as the cause of the obstruction. Perhaps a 
review of these eases and some similar ones reported in the literature 
might prove instructive and again emphasize the importance of a muscu- 
lar spasm as a definitive cause of large bowel obstruction. 

The etiology of .spastic ileus which may similarly affect not only the 
large but the small intestine as well is indeed obscui-e. "While many 
different theories ha^^e been advanced, none adequately explain the 
underlying mechanism. Zinmierman®^ stated that the causes may be 
divided into three main groups, corresponding to the three major divi- 
sions of the nerve supply to the bowel. These are essentially: (1) a 
nastic ileus due to stimuli acting on tbe bowel at the site of the local 
Sin' (2) a reflex spastic ileus secondary to distant lesions; and (3) 
ileus secondary to causes acting by way of tlie central nervous system, 
first variet 3 ' diaraeterized by local iniiscnJar eontraetions ma.r be 
due to foreign bodies, such as sc.vbala, gallstones, intestinal parasites, 
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Boted only in the ascending and descending portions of tiie colon. During the day 
the patient had only one vomiting spell, producing very little material. There was 
no meteorism. A day later the spasm of the intestine had cleared up. 'Within the 
next ten days the spasm was again mairifested by very firm contraction of the as- 
cending colon and later also the transxerse colon. About thirty-six hours later- 
violent stercoraceous vomiting -jras noted and recurred a day later in the presence 
of an intensely contracted transverse colon. No contraction was found in the rec- 
tum on digital examination. The patient did not complain of abdominal pain. 
Progressive improvement followed another attack of stercoraceous vomiting four 
days later and the patient was discharged after several weeks. 

Tlie ease of you Leube^ is paiTicularly interesting beeause the patient, 
rvliile under ob.servation, pre.sented a eoinplete outline of tbe spasticall.v 
contracted colon at one time, ivliile at subsequent examinations only cer- 
tain areas of tbe colon seemed to be involved. 

In two cases in ivlucli an extemsive involvement was recorded Bunge'’ 
states that an area in tbe transverse colon was dilated while tbe colon 
proximal and distal to this was definitely contracted. 

Bunge, 3 Case 1: A highly neurotic female was subjected to a gj-necologic opera- 
tion. combined with appendectomy. For several days after the operation the patient 
complained of severe pain of colicky character in the upper part of the abdomen. 
There wore no objective symptoms; the abdomen was soft and not tender. Purga- 
tives and high enemas, and linally atropine subcutaneously, failed to relieve tbe 
fecal retention on the third day after operation. The meteorism attained an alarm- 
ing degree on the fifth day. The stomach contained 2 liters of feculent material. 
The introduction of a rectal tube was impossible because of a spastic contraction 
lit Houston’s valve. Laparotomy showed extreme distention of small intestine and 
cecum, the latter passmg abruptly to the colon ascendens wliich was contracted to 
the width of a thumb. AH segments of tbe colon including tbe sigmoid fle.xure weie 
contracted like a taut rope. An ileostomy was performed. On the second day 
stools passed by rectal route. The patient made a recovery. 

Bunge, 3 Case 2: A female had a gjnccologic opcr.ation combined with an appen- 
dectomy. There wcie no subjeetiie postoperatire pains but slie developed tbe signs 
of an intestinal paralysis. Yimous tliorapcutic measures resulted in the passing of 
some flatus on the second and third days, and some inspissated feces on the fourth 
<ln\. Metconsm, howeier, increased and aspiration of the stomach yielded feculent 
fluid. The pulse was lOS and of poor quality. A lapaiotomy showed that the 
small intestines were groatlj distended, aUliough not to the degree as in Case 1. 
The cecum was empty and eontraeted hut not as much as the colon ascendens which 
was in a state of muMinum spasm ainl was as hard and stiff as a rope. The same 
appeariinec was presented b\ the traiisicr.se colon with the exception that its mid- 
portion was distended to a fist sire In gas. The colon dcsccndens and the sigmoid 
were in the same state as the colon iiseendens. An ileostomy was performed. How- 
erer, the patient died seicn days after operation. Autopsy reiealcd the absence of 
any signs of peritonitis; the intestine, which had been contracted at operation, was 
greatly dilated and filled with gas as far as the rectum. Bunge holds that the’mo'st 
|ilaiisiblc ctiologx 111 both ca'cs may bp seen in nenous reflex mcclmnisms. 

'I'lte iitore eotBtmm vitrioty of ptisos, Imwevcr, are tliose in wliielt the 
iiinsetilar eontraetinn ajqioaiN to be ilefinitely Idealized to a stnnll area 
o) the colon. Xo area of the bowel appears immune. Jn one of the 
present series tbe area .just distal to the eeeum was spastic. 
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The entire co]o]i from tlie eeeuni to the rectosigmoid may be spastieaily 
contracted as was noted in tlie ease of Pons Tortella and associates.” 

Pons Tortella, Periandiz Scnantc, and Subiranario A male, aged 53 years, was 
admitted with a history of five days of obstijjation accompanied by recurring vio- 
lent abdominal pain. Prom the onset the patient took only liquids which he 
pioniptly vomited. Tliere was a history of gastroenterostomy performed thirteen 
years previously. Physical e.xamination disclosed a well-developed male. The ab- 
domen ^Yas distended. The peristalsis was visible when induced by e.xternal stim- 
ulation. The condition grew worse on the day of admission and spontaneous vomit- 
ing of nonfeculent character occurred. A diagnosis of mechanical occlusion caused 
by adhesions was made. Laparotomy, with spinal anesthesia, revealed a large in- 
testine intensely contracted between cecum and sigmoid, so as to resemble a rope 
of a finger’s thickness. No adhesions or bands were found. The operative diag- 
nosis was an intestinal obstruction caused by spasm of the colon. Antispasmotics 
wore given for the first few days postoperatively and the course was uneventful. 

It is more usual, however, for a spasm of tiiis extent to begin distal to 
the eeeum. 


Nordmanniin A female, aged 45 years, gave a previous nine-year history of 
mild colicky pain in the right upper quadrant, which for the past two years had 
become less severe. Twelve hours prior to admission there was a sudden intense 
attack of abdominal pain associated with vomiting. Marked constipation was 
noted. Patient appeared moderately strong and healthy. Pulse: 76, regular. Tem- 
perature was normal. Tlie voniitus consisted of a feculent fluid, biliary in color. 
There was no corneal refle.x. The pharyngeal refle.x was present and patellar re- 
fle.ves were active. There was a marked general hyposensibility. Deep pinpricks 
were not felt in the left leg and right arm. There were no other neurological symp- 
toms. The abdomen was slightly distended. There was pronounced tenderness 
below the umbilicus. A diagnosis of peritonitis was made. Operation disclosed 
nothing abnormal with the exception of a distended cecum which led to a severely 
contracted colon, which extended to the pelvic sigmoid. The walls felt hard and 
rio'id. On gentle pressing of the cecum some gas entered the contracted segment. 
For ten days following operation, there was fecal vomiting, which ceased on the 
eleventh day. Convalescence was uneventful. 


Marquardt:io A patient, aged 17 years, was seen in the fifth month of preg- 
nanev. Operation was performed for a severe suppuration of the kidney pelvis. 
Three days later after a severe diarrhea the patient complained of an intense pain 
in the region of the appendix and coincidentally developed a paralytic ileus. Seventy- 
two hours later, when all therapeutic measures had failed, an exploration was per- 
formed. No organic obstruction was found, but the cecum was extremely distended 
while the entire colon as far as the rectum was contracted. A eccostomy was per- 
fonned. The patient died. At autopsy no obstruction was discovered and the 
lumen of the colon appeared normal. There was no peritonitis. 

Von Lcube'.s A female, aged 19 years, had been sutTering from “vomitns ner- 
■osus ” The stomach emptied within normal time limits and there was no reduc- 
tion in oastric acidity. Suddenly, in the ab.seiice of any unfavorable change in her 
o-oneral ^condition, she vomited greenish gray material of marked feculent odor. 
PI -si'cal c-xaniination revealed that several tmnorlike resi.stnnees were jialiiable in 
^ '"^'(Tht In-pochondriuni. A rectal tube w.a.s introduced GO cm. into the iinus wifli- 
thc ’■'S' following day a roiielike contraction, approximately the size of a 

out Tcsu^.^ palpable along the entire coiir.-o of the barge infe.stiue from l•eeum 

little g-jia observation could not have been more definite if an nna- 

to sigmonl nexu- 

evening of tlie same day contraction ^va“ 

tomical specimen were ^ 
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perforation i^as noted near the liepatic flexure. In the midportion of the trans- 
%erse colon a constricting ring obliterating the lumen of the bowel nas eiident. 
Distal to the contraction area, the large intestine was found empty and collapsed. 
Application of warm saline solution failed to relieve the contraction. Death super 
lened sue hours after operation The autopsj findings are the same as the findings 
at operation The ureter presented spastic contraction. 

Eummort;2i A male, aged 76 jears, came to the clinic complaining of severe 
spastic abdominal pain of great seieritj which had recentlj been complicated bi 
vomiting. Si\ months preiiousli lie changed from the customari mixed diet to a 
raw diet. Obstinate constipation followed and tbe patient suffered from abdominal 
pain In the past weehs these pains became more intense Oatmeal gruel brouglit 
some relief Examination revealed a mjocardial lesion A taut, ropelike body as 
thick as a finger and tender to pressure was palpable along the course of the traus 
verse colon. The ileocecal region was distended. X rav examination revealed nor- 
mal contours of the stomach The small intestine was filled at the end of eight 
hours and presented fluid levels with considerable gas distention. At the end of 
tweiitv four hours, the colon was filled as far as the sigmoid and exhibited marked 
spastic liaustration. There were no other pathologic findings A diet, bellafolin, 
and warm applications over the abdomen produced bowel movements and improve 
ment. 

felt that the chroiiie torsion of the omentum observed in 
his patient may have caused a disturbance of the innei'vation which 
manifested itself in the spasm of the transvei-se colon, although he ad- 
mitted tliat a purely mechauical compression of the colon by the twisted 
omentum could not be ruled out. SteiudP'^ brings forth a fen points of 
interest in regard to his ease Histologic examination of the colon gave 
no cMdenee of pathologic changes. He, too, felt that the spasm in this 
particular area might have been due to an expression of a functional 
disturbance due to disorders of the higher centers in the vegetative 
s\ stem It is interesting to note that in this case the spasm vv as localized 
to the border area between two systems of innervations. Many observ’ers 
hav e stated that muscular contractions occasionally occur m such border 
/ones Evidently in these cases there may have been a disturbance in 
voordiiiatioii between the central nervous and sympathetic systems 

There vveic lour cases in which spasm ot the splenic flexure was 
sufficient to cause an obstuietion To this group I wish to add two 
additional eases ol mv own, Cases 2 and 3. 

SLlmiiJ -V \ fuii.ile, Hgcil .iO vc.irs, Imd suffered for four weeks from a “burn 
mg 'pn-itioii" ill the ubdoiiieii, aecomp.inicil bv colakv pams on the right side 
as'Diiatul wall voimtiiig There w.is a const.int tlurst and the patient was verv 
iiervmi- Dowet movement^ were iluitod onlv vvitli enema, and t)ie stool- were 
-(imetimi'i blaik, iiid at other time- lovered with a fibrous membrane. Three pliv 
-mins were loii-iiltid, one dngno-ed the condition an “inflammation of ovaries 
another -poke of a as .i “nervou- nibiient,’’ and the third regarded it a- “00 per 
I.iit Iieni- L'poii admi— um the pitient appeared pale The pul-e was 120. 
'I he heat and lung- were iieg-itive The abdomen was not prominent but sbglith 
l.nd. r Ihire vva- an uii<!etiiinlile re-i-t.iiue airo- the whole of the loner abdomeii. 
'Ihe vondition w m lon-nhrnl to lie one of tubereul.ir peritomti- 

The pitiua wa- ob-.rvid for a period of time divs, during which time there 
was aui-i 1 , but no vomiting The bowels moved with dillicultv. X ravs revealed 
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Case 1. *(No. 430897.) B. H., a housewife, aged 48 years, was admitted to 
the private service on Oct. 14, 1938, and discliarged on Nov. 15, 1938. This patient 
iiad iiad a cascade type of stomach and recently iiad complained of attacks of pain 
in the right lower quadrant accompanied by a feeling of fullness and abdominal 
distention. During these episodes she experienced several attacks of loose stools. 
1 hysical examination revealed some abdominal distention but no masses were pal- 
pable and rectal examination was negative. The stools failed to disclose the pres- 
ence of occult blood. Barium enema on several occasions revealed a constricting 
lesion of the proximal ascending colon, just distal to the cecum, which was thought 
by some to be malignant in nature. Accordingly, on Oct. 19, 1938, under ethylene 
anesthesia, a lower left rectus muscle-splitting incision was made. There were sev- 
eral bands running from the parietal peritoneum to the mesentery, apparently con- 
stricting the cecum and lower ascending colon. The appendix was long, and its 
indurated tip was buried subserosally and retrocecally. The adhesions were divided 
and appendectomy performed. The abdomen was closed in layers, using chromic 
throughout and pincettes for the skiu. Following operation the patient became 
terrifically distended. A Levin tube gave slight relief. Small amounts of gas were 
passed by rectum. On the sixth day after operation patient had a rise in tempera- 
ture to 104°, distention increased, and x-ray revealed a high right diaphragm sug- 
gestive of a pneumonic process of the right base and a distended loop of small intes- 
tine with fluid levels. Although x-ray seemed to indicate definite intestinal obstruc- 
tion, repeated rectal irrigations yielded gas and small bowel content. The temper- 
ature gradually fell to normal and the abdominal distention became less. On the 
tenth day a wound dehiscence was noticed with prolapse of omentum. This was 
replaced into the peritoneal cavity and the wound packed. The patient was dis- 
charged on the twenty-seventh day with a granulating wound. Subsequent x-rays 
revealed a spastic constriction of the ascending colon, yet slightly less in degree. 
The patient ^vas readmitted on May 3, 1939, for repair of a ventral hernia. This 
operation was uneventful. She has been seen subsequently and has no complaints. 
The adhesions about the ascending colon were not sufficient to account for the con- 
striction present in the x-ray, and even though these were divided, the postoperative 
x-ray film still showed that the constriction was present. It must be assumed that 
the obstruction was caused by a localized muscular spasm. 

Melchior A male, aged 31 years, gave a history of recurrent pain in the up- 
per part of the abdomen and occasional feeling of tension above the umbilicus. 
Three months prior to entrance, an x-raj' examination by another physician showed 
a spastically contracted transverse colon. Twenty-four hours before admission, a 
drawing pain was felt, especially in the right part of the abdomen. There was no 
bowel movement. A preoperative diagnosis of appendiciti.s w-ns made. At opera- 
tion, the omentum which was iJartly necrotic and partly infarct cd, was twisted 
three or four times about its axis; the spiral touching the transverse colon appeared 
stenosed. Following excision of the omentum, the patient made an uneventful 
recovery'. 

Steindl:25 A male infant was seen sixty hours after a normal birth. The mid- 
wife stated that there had been no bowel movement since birth. The vomiting be- 
wan on the day' before admission and was gastric at first and subsequently' became 
feculent. The child ivas well developed, the pulse regular, and the re.spirations 
shallow The temperature was 3G.4° C. The abdomen was distended and tympa- 
"itic throughout. Gentle palpation elicited obvious signs of pain. A diagnosis of 
■q' ^ and possibly peritonitis, was made. At operation the small infc.stine was 
^ distended ' and meconium was found between tlie loops. The ileum was 

great y about the mesenterial root. Detorsion was done. The cecum 

d ce'nding colon were immensely distended and filled with meconium and a 

numbered ease reports are those of n.y own patients. 
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during tlie first tiio days at the Iiospital. The abdomen itas distended ivith mete- 
orism. Violent lomiting set in on the third day and stools continued to pass reg- 
ularly. X-ray examination before barium meal showed several fluid levels and ex- 
tremely distended bowels, probably in both small and large intestines. There was 
normal emptying of contrast meal from the stomach and small intestine. Contrast 
meal was visible in the ascending colon at the end of fifteen hours. There was no 
progress at the end of twenty-three hours. Contrast enema revealed abrupt stop- 
page in the middle of the transverse colon. A diagnosis was made of spastic ob- 
struction of passage in the transverse colon. The condition of the infant grew 
steadily worse and vomiting continued. Conservative treatment was ineffectual. 
The infant died on the eighth day after admission with signs of pneumonia. Au- 
topsy showed the small intestine and colon were greatly distended as far as the 
splenic flexure. From the flexure through the other segments the lumen of the 
large intestine was narrowed. There was no organic obstruction. There was prob- 
ably a spastic obstruction of the passage. 

Case 2. — (No. 3S6417.) F. K., a female, aged 70 years, was admitted as a pri- 
vate patient on Nov. 5, 1935, and discharged Nov. 21, 1935. Fifteen years before, 
the patient had had an oiarian cyst removed. Six weeks prior to admission she 
had been experiencing pains in the left loin and left upper abdomen. She noticed 
tliat she was distended and was slightly constipated. She had lost seven pounds 
in weight. Urinalysis and flat plate of the abdomen were negative. A gastro- 
intestinal series disclosed a constricting lesion in the region of the splenic flexure 
which a barium enema verified and which did not disappear after atropinization. 
The stools were guaiac negative. Ph}'sical examination disclosed an elderly female 
with evidence of arteriosclerosis. The abdomen was slightly distended but not 
tender. Under spinal anesthesia and through a left paracostal incision the abdo- 
men was explored, but no pathology was found in the colon. Following operation 
the patient developed a bronchopneumonia wliicli cleared up verj’ slowly. The 
wound healed by primary union. About a month after discharge she developed a 
lobar pneumonia and died. 


Case 3. — (No. 430200.) M. K., aged SI years, was admitted to the hospital for 
the first time on Feb. 13, 1939, and discharged Apr. 17, 1939. He entered com- 
plaining of lower abdominal cramps and obstipation of three days’ duration. 
Patient had had an easily reducible right hernia for twenty years which had given 
him no recent trouble. Three days before admission lie began to have diffuse 
lower abdominal cramps during which time there was no passage of feces or flatus 
despite enemas. There has been no nausea or vomiting. Temperature at home 
according to the patient was 101°. There has been no melcna, rectal bleeding 
or mucus, but in the preceding months the patient had complained of increasing 
constipation. Examination revealed a wcll-dcvclopcd, fairly well nourished old man 
nho did not appear acutely ill. Temperature was normal. Chest was emphy- 
-cmatous. Heart was enlarged to the left, and the sounds were of good quality. 
The abdomen wns flat and soft. Tlierc were no masses and no spasticity. A dis- 
tended cecum could be felt in the right lower quadrant. Rectal examination rc- 
\ciilcd bilatcra! tcndcrnc-s and there was no xisible peristalsis. Blood pressure 
was 170/9G. llomoglobiu was 75 per cent, white blood count 14,000 with 75 per 
lent pol.Miiorpliomiclcars. X ray examination of the abdomen showed a large amount 
i>f gas in the ngtit half of the colon proximal to the dcsendens. There was no 
definite indication of gas l.elow this. There was moderate dilatation of the small 
Imwcl Itaruiiii eiieiiia examination showed an obstruction to the passage of barium 
in the region of the splenic flexure. The actual lesion was not demonstrated be- 
lanse hariiim eniild not be injected liexond this .site. 

On IVl. 1,3, 3939 , ,mdcr local anostiiesm and througl, a McBurnov incision the 
,oc„m presented into the wound and was xery much dilated. The cecum ’xvas 
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a rapid emptying of the stomacli with fdling of the small intestine. The large in- 

te-stme did not till. Exploration was decided upon hut the patient died rather sud- 
denly. 

The autopsj rei ealed a firm constriction in the proximal portion of the splenic 
flexure nith hard scybala distal to it. The barium, however, had not proceeded 
beyond the ileum. Examination of the constricted area failed to reveal either a 
tumor or ulceration. There was no compression visible from the outside, nor was 
there evidence of peritonitis. 

Plenle:*- A male, aged years, was referred to the hospital with a diagnosis 
of ileus and a functional weakness of the heart. Two weeks previously he had 
fallen upon the left side of his chest. For the past two days he had had general- 
ized abdominal cramps, and during this period he had suffered from obstipation. 
Physical examination revealed some evidence of myocarditis. The abdomen was 
distended but not tender. A diagnosis of pancreatic disease with paralytic ileus 
was made. Operation disclosed no evidence of either pancreatic disease or perito- 
nitis. The transverse colon was greatly distended. There was a definite constriction 
in the region of the splenic flexure. The constriction gradually disappeared after 
manipulation. On the assumption that the condition was one of spastic ileus, the 
wound was closed. The patient died the following day of cardiac decompensation. 
Autopsy showed an arteriosclerosis, moderate in descending thoracic and abdominal 
aortae, but marked in the left coronary artery. There was a brown atrophj’ of the 
heart. Emboli were present in both main branches of pulmonary arteries. There 
was a hemorrhagic infarct in the left lower lobe and numerous thrombi in the 
prostatic plexus. A paralytic ileus of all intestines with loose agglutination of 
coils of small intestine was noted. 

Brink : 2 A male, aged 25 years, well developed, and with no previous history of 
gastric trouble, suddenly took ill with acute abdominal pain referred to the left 
hypochondriac region, and a "feeling of fulness" in the abdomen. The pains in 
the abdomen were colicky in character and were accompanied by severe cramps in 
the calves of the legs and anterior thigh muscles, causing him to scream with pain. 
Morphia injections had no effect on the pain, but atropine eased the attacks. Pa- 
tient was seen twelve hours after the pain started. He had attacks of nausea and 
vomiting, and enemas were ineffectual. The patient was taken to the hospital and 
here an enema gave a slightly colored result but without relief of the pain. The 
physical examination was negative; only slight tenderness and resistance to deep 
pressure over the transverse colon was found. The patient’s general condition, 
pulse and temperature, remained good. He was put on 1/100 to 1/50 gr. atropine 
injections daily as required for the pain, and he was given bromides for his insom- 
nia and anxiety. Further examination of the nervous system, gastric lavage, and 
stools proved negative. Twelve hours later there was a copious bowel movement 
which contained no pathologic elements. After tin’s attacks of moderate severe 
colic recurred, but these w-ere kept in abeyance with 1/150 gr. atropine hypoder- 
mically. Three days later when a contrast enema was given, it was found that the 
barium passed in freely two inches beyond the .splenic flexure where it remained for 
fifteen minutes without progressing further. After this period it was decided to 
take a film of this spasm. The patient was turned on his abdomen and a film 
taken On the film the spasm was still visible but a thin trickle of barium wa.s 
een to be passing further into the transverse colon. The further progress of the 
patient was uneventful and when last heard of, after eighteen months, he had had 

no further attacks. , , . , 

T‘ 1t'-s A female infant was admitted fourteen days after a normal I)irlh. 

'*^1 '-s before admhsion to the clinic the infant began to .siifl'er from vomiting 
Four a)s meals ■\^^len first seen the child did not .seem to be .‘•eriou.'dy ill. 
uidepeii^cn niovemcnts were regular. There wa.s no vomiting 
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involved sminltaneously Spasm m tins location is not a rare preopera- 
ti\e finding nor an unusual postoperatne complication It is, as a rule, 
tiansient and of little significance Howei er, it may be the cause of the 
obstructive symptoms, as is attested by the eases reported by Korte/ 
Guillaume/ Licliti,® Schaeffer, =- Solin,-* and Cases 4 and 5 of my oirn 
pieseiit senes 

Korte,i Case A. A male, aged 68 jears, was admitted to tlie hospital ivatli 
an intestinal obstruction of three dajs’ duration A laparotomy shoved intense 
contraction of the descending colon and sigmoid flevure A cecostomy was per 
formed Death occurred on the following daj and autopsy shmved “parenchymatous 
nephritis, spasm of sigmoid ” No tumoi or other cause for the obstruction was 
found 

Korte,? Case B A female, aged 69 jears, was taken ill on Nov. 2S, 1912, with 
all the sjmptoms of intestinal obstruction manifested by feculent vomiting and 
ineffectual enemas A diagnosis of intestinal obstruction was made A laparotomj 
performed on Nor. 30 showed an “enterospasm in the lower portion of the small 
intestine, descending colon and sigmoid flexure, but no mechanical obstruction.” 
The bowel was sponged with saline solution An eiacuation followed four dajs 
later after the administration of castor oil She was discharged well on the twentj 
fifth daj 

Korte," Case C A female, aged 73 jear«, was admitted with an intestinal 
olutruction of four dajs’ duration A diagnosis of a tumor or strangulation of 
the bowel was made The cecum was found to be greatlj distended and a cecostomj 
was provided The fust evacuation through artificial anus occurred seven dajs 
after operation Since theie were no bowel movements bj the natural route, a 
tentative diagnosis of stonosing carcinoma of the intestine was made, and a second 
lapaiotomv was performed eight months later No tumor or other obstruction 
wii'. found, but the colon, ospeci.iih in the “iignioid flevure. was contracted and had 
.1 ropchhc appeiraiwc A cecosigmoidostoniv was perfonned and eleven dajs later 
an ileostoniv Death occuired eight dvvs after the la=t operation Autopsj revealed 
no evidence ot peritonitis ,ind no olisfriution of the intestine There was no limtorj 
of ahnoiinal nervous phenomena 

Korto," t'lse D V female, with a previous historj of ulceiative colitis with 
rcioverv in 1007, was admitted in 1921 for increasing constipation, severe intestinal 
<ob(, and perceptible intestinal lontraction A tentative diagnosis of intestinal 
obstruction duo either to adhesions or cicifricial stricture was made Laparotomv 
showed tint the eoloii as fir as the sigmoid flevure was tigliHj packed with hard 
fccil masses and tliat the pelvic colon was intcnsclj contracted There were no 
oflior dmoninl (iiidings y\ loft sided tolosloniv was performed Dour months 
lUtr the intestinal fuiitfinn vv is iiormil The condition w.is unchanged m 1923. 

Korti,- Vise D \ in de, .tged 5i. jeirs, give a htstorj of periodic attacks of 
mfistmd loln for the past four or five months There wa« mctconsin A rope 
like formation w is pdpihle in the region of the sigmoid flevure. A kaparotomv 
showid a spism of the siiiill intestmc and intenselj confricted, ropelike sigmoiil 
(h vure Koioverv took pi we 

(Imllumie < V m do. agid .0 \i its vv is first sem five dajs after a sudden 
misil of <ob< mirko.I bv cmisuj, ,t,oii rroin then on he gradual!; lost appetite, 
VMS nansooiis, Imt did not vomit \ r.iv evumnation without b irtura meal showed 
no gus.ous distuition BeUtving tint this condition was due to a sj.astic state 
of the int.simc, the author pr<s,r.hod IwlJidnima The inlus uere imtigafcir but 
the coadition nm.uned umhinge,l Aimlher roaitgenogram taken two daw hter 
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extraperitonealized and fixed by interrupted sutures to the peritoneum. Iodoform 
packing rvas placed about the suture line and a few fascial and skin sutures were 
taken. 

On Feb. 14 the cecum was incised without the escape of gas or stool. Tempera- 
ture was 102° ; pulse, 30. On Feb. 15 the cecostomy was irrigated with the dis- 
charge of gas and stool. On Feb. 16 temperature was lower and the cecum was 
discharging spontaneously. On Feb. IS packings were removed. On Feb. 23 barium 
enema x-ray examination made on two separate occasions failed to show any evi- 
dence of an organic lesion in the colon. The region of the splenic flexure was 
particularly studied. On Feb. 24 patient had been passing flatus and stool from the 
rectum for several days. On Feb. 28 the cecum was closed extraperitoneally under 
local anesthesia. Following this the patient made !in uneventful recovery and 
w’as discharged March 17, 1939. He was last seen in March, 1940. His general 
condition was good and his bowels moved once a day. He had an incisional hernia. 

Of the six cases in wiiicli spasm of the splenic flexure was the cause 
of the ileus, one presented by Schmid-^ was thought. to have been an 
ileus on the basis of chronic peritonitis. Autopsy showed a constriction 
in the proximal portion of the splenic flexure. A case reported by Henle” 
was diagnosed as acute pancreatic disease accompanied bj' paralytic ileus. 
At operation a definite contraction was found at the splenic flexure which 
disappeared after manipulation. The patient succumbed and autopsy 
revealed a paraljAie ileus with emboli of the pulmonaiy artery. Henle 
expressed the opinion that the mechanism was caused by pulmonary 
emboli acting reflexly through the autonomic nervous system, thus caus- 
ing a spastic ileus. A case noted by Brink“ which occurred in a jmung 
patient was characterized by intermittent attacks of intestinal obstruc- 
tion. Although fecal vomiting was not present in this ease, the severe 
colicky pain with obstipation made him consider an organic factor as 
responsible in causing the obstruction. A spasm was subsequent!}' ob- 
seiwed in the region of the splenic flexure upon the introduction of 
barium. However, after waiting fifteen minutes and with manipulation, 
the barium trickled through. The case reported b}' Lichti" in which a 
14-day-old infant was afflicted with an ileus is of unusual interest. X-ray 
seemed to demonstrate the lesion at the midtransverse colon, although 
post-moidem showed a constriction at the splenic flexure. The patient in 
Case 2, in whom a barium enema i-evealed an obstruction at the splenic 
flexure, was given a course of atropinization. The second x-ray series 
revealed a persistence of obstruction. Operation, however, did not re- 
veal any patholog}', the lesion undoubtedi}' being due to spasm. Case 3 
is of unusual intei’est because the barium enema revealed an obstructing 
lesion at the splenic flexure. A preliminary cecostomy was performed as 
a decompressive measure. The obstinction appeared relieved. Subse- 
ent barium enemas failed to reveal any lesion in the splenic flexure 
and accordingly the cecostomy was closed. Tlie patient was last .seen 
Xiost a year later and was in e.xcellent condition. 

The most commonly involved site of the largo uitesfine snb.iect to mus- 

„ pither tlie descending colon or sigmoid, or both may be 
cular spasm is eiinci 
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patient was admitted with severe gastrointestinal symptoms in addition to neurotic 
symptoms. He received sulfarsphenamine injections and left the hospital after 
two months. A little more than two weeks after discharge he was brought to the 
hospital in a state of profound stupor. He seemed disoriented and would not 
eat. There had been constipation for several days, meteorism, and vomiting of 
greenish stomach contents. His pulse was good and there was no tachycardia. 
The abdomen was greatly distended and the “intestine stood out in relief.” There 
was no visible peristalsis. Eectal examination was negative. A tentative diagnosis 
of meclianical occlusion in the colon or the sigmoid was made and laparotomy was 
performed under local anestliesia. The descending colon was found to be distended 
to the size of a forearm. Kapid digital exploration of the abdominal cavity dis- 
closed no abnormal condition. A cecostomy was done. The meteorism passed off 
very slowly, and vomiting and eructations did not cease until several days after 
operation. Six days postoperatively, x-ray examination demonstrated normal passage 
and the absence of any obstructions in the colon. Tlie neural symptoms persisted 
for six months. After discharge tlie patient resumed iiis usual occupation and did 
not seem to suffer from anj’ functional disorder. 


Case 4. — (No. 417595.) This was the second admission of A. S., aged 64 years, 
admitted Dec. 8, 1937, and discharged Jan. 16, 193S, wlio had undergone a partial 
gastrectomy ten years before for prepyloric ulcer. He liad apparently been free 
of all his previous attacks since operation. Eight months ago he had suffered an 
attack of precordial pain wliicli liad been diagnosed as due to coronary thrombosis. 
In tile six days before admission the patient liad noted generalized abdominal 
cramping pain, obstipation, and progressive vomiting and distention. Enemas had 
been ineffectual except for a slight amount of gas passed just before hospitalization. 

Physical examination disclosed a somewliat emaciated, elderly white male. The 
pharynx was moderately injected with a marked postnasal drip. The ehest was 
emphysematous but the lungs were clear. The heart was not enlarged. The sounds 
were of poor quality and slightly irregular. Blood pressure was 130/60. The abdomen 
was soft and moderately distended. Occasional peristaltic waves could be seen. 
There was a well-healed, midepigastric scar present and an easily reducible left 
hernia. Eectal examination was negative. Hemoglobin, 82 per cent; urea nitrogen, 
1 mg. per 100 c.c. ; sugar, 95; chlorides, 560; CO., 61.2; volume, 10; Wassermann, 
negative. Urine was negative except for transient acetonuria. Electrocardiogram 
showed evidence of myocardial damage. X-ray of the abdomen showed marked 
dilatation of colon with gas and feces but no gas was demonstrated in the rectum. 
Barium enema examination showed an obstructing lesion in the midsigmoid about 
two inches in length which had the appearance of a neoplasm. 

Soon after admission a right McBurney incision under local anesthesia was 
made. The cecum was enormously distended and a Kader type of valvular cecostomv 
was performed with a de Pezzer catheter. Postoperatively, the cecostomy drained 
well, the abdomen became less distended, and the pain diminished. Two davs later 
he showed signs of myocardial infarction. Oxygen therapy was instituted and 
the condition improved sufficiently so that two weeks later he was re-explored under 
ethylene anesthesia. There was a large redundant sigmoid, a band of adhesions 
and some indurated chronic inflammatory tissue on the mesenteric side of the colon 
po'..‘<ihly due to diverticula. These pathologic finding,- may have reflexly produced 
u spasm of the sigmoid. 


On the second postoperative day the patient developed irregular temperature, 
dy.spnea, cyanosis, and signs of pneumonitis in the left lower lobe. IVith o.vygeii 
nn.I .'•nppnrtive therapy this suh-ided and the postoperative c.are wa.s uneventful. 
The W.mnd healed well and cecostomy drainage gradinilly diminished. Rectal move- 
ments occurred s].ontancously. Sixteen days postoperatively patient was discharged 
lie was readmitted Apr. 22, 193S, and discharged May ]]. ]9:iX, for an extraperi- 
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Sill sliOMed jio occlusion, and belladonna -nas continued. Meteonsm T\as marked, 
but the patient could pursue Ins occupation men a new roentgenogram taken 
at the end of si\ days showed no abnoimality, the author ordered a barium enema 
The rectum and sigmoid were easily filled, but at the junction of the latter with 
the descending colon the contrast medium could not proceed When the pressure 
was greatly increased, the obstruction suddenlj yielded and the barium spread 
thiough the colon. The enema produced immediate eiacuation of large quantities 
of feces and gas but no blood. The abdomen resumed normal dimensions A new 
X ray examination on the following day disclosed no deformation of the intestine 
Two weeks later, with intestinal function normal, disorders of surface and deep 
sensibility dei eloped, and a paraplegia was diagnosed Serologic examination in 
dicated syphilis The paraplegia disappeared on treatment In the twelve year 
period which elapsed since the patient came under observation, frequent follow up 
examinations have shown no intestinal symptoms 

Iiiehti.s A male infant was seen two days after a normal birth There was a 
history of vomiting of greenish stomach content An extreme degree of meteonsm 
was pi esent An enema induced an evacuation of meconium X ray examination 
showed an ectatic stomach and one half hour later the barium particles m a lion 
zontal direction were probably in the duodenum The findings remained unchanged 
at the end of five hours At operation the entire duodenum was found in a state 
of extieme spastic contraction, but under the eye of the surgeon the duodenum 
gradually returned to its normal condition. No other abnormality was noted in 
the gastrointestinal canal The vomiting ceased after operation but recurred on 
the following day with greater violence Several hours later the infant died wifii 
symptoms of aspiration pneumonia Autopsy showed the small and large intestines 
greatly distended The distal end of the sigmoid at the junction with the rectum 
was well contracted. Congenital megacolon The cause of death was obscure The 
disorder of motility in the small intestine was verified at operation and a similar 
finding in the sigmoid flexure was apparent fiom the postmortem report 

Sohn.24 A female, aged 45 years, was admitted with a five day history of 
obstipation Two days before she suffered from eructations and then vomiting, 
first of the stomach content and later of feculent nature She also complained 
of intermittent violent colicky pains The attending physician referred the patient 


to the hospital with a diagnosis of ileus Physical examination disclosed a nervous 
patient Her temperature was normal and the pulse was accelerated. The pupils 
reacted promptly to light and in accommodation Tlieie were no hysteric stigmas 
Dermographism and exaggerated patellar reflexes The abdomen was greatly dis 
tended and both lower quadrants were tender Peristalsis was perceptible through 
the abdominal wall. Enemas were ineffectual The diagnosis of mechanical ileus 


was confirmed, and operation was performed under ether anesthesia The sigmoid 
flexure, of anemic appearance, was in a state of spastic contracture A flat ribbon 
like body was felt which was interpreted as being a tapeworm, but which proved to 
he a flattened scybala. The mucosa of the band was rather dry and there were no 
ulcers no sign of inflammation, and no other foreign body visible. Two days 
later the contraction still persisted and a colostomy above the constricted nrci 
was performed About a month later stools began to pass by the natur.il route 
The patient was discharged two weeks later The artificial anus was permitted 
to' remain as a safety measure She w.as readmitted eight months later for closure 
of the colostomy and dweliarged three weeks hater cured 

q 1 ffer -- A man, aged 37 years, previously healthy, suffered from rcfurrent 
/subjective sensibility .ind paresthesias associ ited witli paretic symp 
disorders o years’ standing In «oine instimes the symptoms were Iiemi 

toms sai 0 mmioplegic They rcnirrcd once a year or more often, lasting 
plegic, in ° Biwcnil months Recoverv was alw.ivs spoilt iiieous The 

from several wceKS to - 
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ureter were performed The postoperatne course was storun. From the fifth 
day there was no flatus From the si\th day on the patient complained of pain 
and tightness in the abdomen. Two or three enemas dail;j produced no boivel more- 
ments or flatus. On the eighth daj the patient began Tomiting, and fecal vonutmg 
became apparent on the tenth daj. The pulse was small (130 to 140). An ex- 
ploratory laparotomy was performed on the tenth daj. There were no peritonitis 
and adliesions. The colon descendens and sigmoid flexure were firmly contracted, 
resembling a rope the width of the little finger. The rectum was of normal width. 
A colostomj was performed and the patient was discharged thirty six dais after 
the second laparotomy, but was reexamined at frequent intervals. She had no 
recurrence of her sjmptoms, and about three months latei the colostomy was closed. 

Pototschnig:2o A soldier, aged 22 jears, was on the way to the front. Fol 
lowing a large meal, he felt gastne and abdominal pain, complained of weakness, 
and began to vomit. There were no bowel movements. Spontaneous improvement 
occurred two da>s later. Four dajs later (six days after the onset) he was ad- 
mitted with the same sjmptoms A diagnosis of intestinal obstruction was made. 
Prior to operation the stomach was washed, producmg a considerable amount of 
fluid stomach content mixed with undigested solid food and bile. The abdominal 
distention disappeared and the abdomen became soft. This development cast doubt 
on the first diagnosis, and either an acute dilatation of the stomach, or an arterio 
mesenterial occlusion of the duodenum was now considered. Rectal examination 
was painful. The pulse was rapid and of low tension. Exploratorj' laparotomj 
disclosed nothing abnoinial with the exception of some circumscribed perityphlitic 
adhesions An appendectomy was performed. The patient tolerated the operation 
well, and his condition on the following daj was satisfactorj . On the second day 
after operation there was a renewed attack of abdominal pain, the tliird since the 
onset, with lomituig The patient rapidlj deteriorated and died the following 
daj. An autopsy was performed three hours after his death. About 50 cm. from 
the duodenojejunal flexure, there was an annular constriction of the small intestine, 
and in the sigmoid flexure, a similar constriction Both could be cifaced bj simple 
traction of the intestinal walls The mucosa was normal, and there was no ulcera 
tion or cicatriration 


While tile pathology of the area in\ olvecl shows veiy little as a rule, in 
the ease reported by BiernatlF the post-mortem examination revealed the 
distention of the bowel 25 cm fiom the anus due to a stricture impassable 
e\en to the little finger The mucosa was intact and appeared normal. 
The only patliologj findings were seieral small diverticuli, one of which 
was adherent to the bladder The inxolved area presented hypertrophy 
ol the miiseulatiire oi er a segment of 5 cm Microscopically there was no 
iiiflauimation The eonclusion reached was that the condition represented 
an iduipatlue hypertrophy of the intestinal musenlature. 


Jbcrimtli.t A mile, iigcd 50 jcirs, w.is admitted to the hospital with a tentative 
diigiiosis ,,f append Kit IS. On admission the patient prchenfed lerj marked cjnip 
toms Ot a throiiic ileus but oper.ilion did not apjieir urgent. X raj exammiition 
with bismuth inemi iiidu.itcd a sinuiire interpreted as o.irunoma' in the dist.il 
portion of the s,p,„oKi flexure The enem i was eiacuited the s ime ciemng. Du'r 
lag llie niKlit the ileus beiame lomplete, but despite immediate operation, intestinal 
pirilj-is hoi loh.imed to such -in ext.nt tint enemas guen through the colostomi 
wire inem.tud The pit.int died At postmortem a stricture impas-ablc eiek 
for the bttb tmg.r was dnooiend .it a d.stame of 2(, cm. (the report gnen in 
Aiitralbl f thu. 40. ISJO, mia. states jj 4],^. Thc^muco-i 
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toneal closure of the cecostoiny under ethylene anesthesia. This postoperative course 
was uneventful. He was last seen on Dee. 6, 1939, and was well, although he com- 
plained of constipation which could only be relieved by cathartics. 

Case 5. (No. 439S33.) This was the first admission of F. Z., aged 71 years, 
an inmate of the Home for Aged, who for the past several years had had frequency 
of urination and occasional dribbling. He was admitted on May 3, 1939, and 
died on May 9, 1939. For the past thirty years he had had a chronic cough 
productive of a small amount of foul sputum. For six- months he had had episodes 
of paroxysmal nocturnal dyspnea. For the past seven years he had had diabetes 
conti oiled by diet. Three weeks before admission the patient noticed swelling 
of the abdomen, and a week prior to admission he had severe abdominal cramps 
necessitating daily enemas which were effectual. Except for constipation he had 
no previous gastrointestinal symptomatology. 

Physical examination disclosed a senile, undernourished male with evidence of 
recent loss of weight. Chest was emphysematous and both lung bases showed 
numerous coarse moist rales. The heart was not enlarged; there were no murmurs 
but extrasystoles. Blood pressure 15S(f)/70. Marked peripheral sclerosis. Abdo- 
men was markedly distended and tympanitic except suprapubically, where the out- 
line of a distended bladder was felt. Increased peristaltic sounds were audible. 
The liver was palpable two lingers below the costal margin. Eectal examination 
disclosed the prostate to be enlarged, firm, and slightly irregular. Urine showed 
specific gravity of 1.015; albumin, 1 plus; occasional "W-B.C.; urea nitrogen, 
29 mg. per 10 c.c. ; sugar, 155; and chloride, 560. Wassermann was four plus. 
Plat plate of the abdomen showed marked distention of the large bowel and some 
distention of the small bowel. Barium enema was done and showed obstruction 
to the passage of barium in the region of the sigmoid with dilatation of the bowel 
above. However, since the actual site of the obstruction could not be demonstrated 
because satisfactory films were not obtainable, a positive diagnosis of neoplasm 
could not be made. ' 

Because of the marked obstruction unrelieved by enemas, a tube cecostomy was 
performed under local anesthesia. In delivering the cecum into the wound, it was 
found to be distended, but immediately collapsed upon manipulation. 

Following operation the patient did not do well, but developed signs of pulmonary 
congestion. His bowels moved folloiving oxgall enemas through the cecostomy and 
Ids obstruction was relieved. He died five days after operation. The post-mortem 
disclosed that the cause of death was a bronchopneumonia. There ivas no patho- 
logic lesion in the sigmoid, although tliere was definite dilatation of the sigmoid 
above an area below which the bowel was of normal diameter. 


Spasm of the sigmoid, ho^wever, may act as the cattse of a po.stoperative 
obstruction. Cases of this nature were noted by Panltow"' and Potot- 
sehnig.^^" 


Pankow:’" An unmarried female, aged 40 years, was admitted to the hospital 
for intense pain in the right side, accompanied by sweating, chills and vomiting, 
from which she suffered off and on for one and one-half years. There luul also 
been gradual increase of girth and difficulty in urinating. (Conjunctival and 
, . o-eal reflexes were present, and patellar reflcxe.s were not increased.) I'lio 

^ t' t°had a sense of lassitude and complained (hat her legs were often swollen. 

well and eomplained of neither headaches nor dizziness. 1 he rectal 
^ oHnn disclosed a tumor of tlie uterus, the size of a man’s head. Tlie rectum 
examin. diagnosi.s of myoma uteri was made. Operation iva.H 

was dispace ,)iffieiiUv and the nic.soeolon was torn away almost comfdetely 

attended Wi i . Ippe rectum was opened but iinuiediatcly closed. The 

from the sigfflou - diluted so that nephrectomy and vxchiion of the right 

right ureter and kidner acre u 
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Inasmuch as the diagnosis of a spastic ileus of the large bowel is 
j-arely made, the therapy in these eases is usually that which is accorded 
to any patient sulfering from an acute intestinal obstruction, that of 
surgical exploi’ation. If the evidence is sufficient to suspect muscular 
spasm and if the patient is not too acutely ill, conservative therapy may 
be instituted for a time. If there is definite emdence by x-i’ay examina- 
tion that the small intestine is dilated as well as parts of the large bowel, 
a decompression ma}" be attempted bj' the passage of the Miller-Abbott 
tube. In the past, however, belladonna and external heat have been ap- 
plied in an attempt to prove therapeutically that the lesion is due to 
spasm. This is not always successful, as demonstrated in Case 2, though 
successes have been obtained by the use of drugs. The majoritj’ of these 
cases have been explored, and it is from this surgical experience that our 
knowledge of the pathologj’ of this unicpie condition has been gathered. 
If a definite spasm is recognized as causing the obstruction, and the re- 
sulting ileus and the distention are not too severe, nothing need be done, 
and the majoritj' of these patients do well subsequently under conservu- 
tive therapy, but in many cases the ileus has been so marked that definite 
decompression measures were indicated. Ileostomi-, cecostoniy, and 
colostomy proximal to the point of obstruction have often been life- 
saving measures. In the majority of instances these procedures have 
been done as preliminary measures in the belief that an actual obstruct- 
ing lesion existed distally, without actually verifying its presence by 
further exploration at the time. It is, therefore, most important that 
before any subsequent operation is undexTaken to remove a primaiy con- 
stricting lesion another series of postopei’ative x-rays be taken to verify 
the cause of the obstruction. This simple expedient may save the patient 
an unnecessaiw procedure. In Case 3, in which a malignancy was 
thouglit to be present, subsequent barium enemas revealed the fact that 
tlie so-called lesion had disappeax'ed and was evidently the result of a 
spasm. C’a.se 4, in which a malignant lesion of the sigmoid was sus- 


pected, was re-explored following a cecostoniy. The exploration was 
practically negative. If another x-ray series liad been taken, this pa- 
tient might have been spared an unnecessary operation. The postoper- 
ative course in most of these patients is not particularly stormy. In Case 
1, however, in which an organic le.sion just distal to the cecum was sus- 


pected as a result of several x-ray cxaminatioim, operation revealed no 
intrinsic pathologv- and only the presence of a few adhesions. Postopera- 
tive course was eliaracterized by a rctlex ileus of such magnitude that 
eMseenition took iilace. Following conservative therapv, however this 
subsided and. since discharge, tlie patient ha.s had no other attacks of 
abstrnetioii. although the x-ray picture still shows a tendenev to spasm 
in this area. ‘ * ‘ 


If either an ileostomy or cecostoniy is performed, the tube niav be 
withdrawn as soon as the normal bowel habit ha.s been e.stablishcd. This 
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was intact, and no ulcerous or cicatricial processes could lie seen. The only path- 
ologic findings were several small diverticula, one of which was adherent to the 
bladder. The involved area presented hypertrophy of the musculature over a seg- 
ment of 5 cm. in length. Tuberculosis, sj-philis, and gonorrhea could be ruled out. 
MicrosMpically there was no inflamniation, not even small-cell infiltration. The 
conclusion reached was that the condition presented an idiopathic hypertrophy of 
the intestinal musculature. 

Several factors become quite evident after a .study of these recorded 
ea.ses. Both sexes appear equally susceptible. The age of onset of this 
condition is tmriable. It has been observed in infants, and, while the 
majoritj’- of cases have been in the third and fourth decades, the ages in 
our series were 48, 60, 71, 70, and 81 years respeetivelj'. Tliis old-age 
group is especially interesting in view of the fact that many authors have 
emphasized the existence of a neurotic baclcgi’ound, especially in the 
young. They stress that patients subject to this particular sj’ndrome are, 
as a rule, of a hj^sterical tj-pe. While this is undoubtedl 3 ’- true in many 
instances, it cannot be universally applied. 

The historj' obtained in these eases is similar to that obtained in any 
patient suffering- from an intestinal obstruction. It has very little, if 
anything, to differentiate it from an ileus due to the other countless in- 
trinsic and extrinsic lesions which obstruct the intestinal floiv. The char- 
acter, the intensitj', and the type of pain, the degree of vomiting, the 
obstipation, and the extent of the abdominal distention vary as to the 
site of the lesion and as to the degree and the extent of the muscle spasm. 
The histoiy may be either one of mild episodes of recurrent attacks of 
cramps and nausea, or it may be a severe attack of abdominal pain as- 
sociated wth persistent vomiting, at first gastric in character, then sub- 
sequently feculent. However, the physical examination as a rule does 
not disclose a patient too acutely ill. The abdominal distention is variable 
and intestinal erections with or without visible peristalsis may be present. 
The spastic bowel maj' occasionally be palpated as a hard, firm tumor. 
This finding, however, is subject to great variations, for the ma.ss ma^' 
entirely disappear at subsequent examinations or appear to migrate to 
other quadrants of the abdomen. 

If any means at onr present command ivere to be of aid in the dif- 
ferential diagnosis of this type of obstruction from one due to a stenotic 
malignancy, some help might be obtained by a careful study of colonic 
roentgenogi-ams and fluoroscopy. The x-ray findings in these c.-ises do 
not show the characteristic findings usualJj' ascribable to a malignancy. 

An immediate obstruction to the flow of a barium enema is usualb' ap- 
parent However, with a little care and skillful manipulation, the .spa.siii 
may relax and the barium pa.ss freely into the remainder of the large 
bowel In two of onr series a colonic obstruction was noted, Imt the 
roent-^enologist staled that the appearance was not cJ.aracterist/c of the 
type usnallv produced by the presence of a malignancy. 



EMERGENCY LAMINECTOMY POE ACUTE EPIDURAL 
ABSCESS OP THE SPINAL CANAL* 

Report of Pour Cases With REco^■HRY ix Three 
Deax H. Echols, iI.D.. New Orlhaxs, La. 

(From the Dnt^non of Nnirosingery, School of yiedxcine, Tulane Vnnersity and 
the Tulane Sxngxcal Seritce at Charity Eospital) 

A cute epidural abscess of the spinal canal is an important though 
little hnomi disease which needlessly kills many people every year. 
Statistical proof of this statement is lacking, but convincing evidence of 
its veracity Avill be pi’esented here. As was true in the case of pyogenic 
abscess of such organs as the lung, brain, and liver, reiteration will be 
necessary to make phj’sieians aware of the disease. Moreover, it is even 
more important to make an earh' diagnosis of abscess within the spinal 
canal than it is in the case of abscess of the various organs. An extra- 
dural abscess within the spinal canal rapidly produces paralysis of the 
legs and urinary bladder Failure to drain these abscesses within a few 
hours after paralysis and anesthesia of the legs have become complete 
results in permanent paraplegia, if not death. 

The clinical picture of acute epidural abscess of the spinal canal is 
constant enough to insure recognition if the disease is kept in mind. A 
patient who is recovering from multiple boils on the buttoclis or else- 
where begins to have an micxplaiued fever. At about the same time he 
complains of severe pain in the back which radiates to one or both sides 
of the thorax. Within a few days the legs become weak and cutaneous 
sensation below the level of the pain diminishes. Fever continues, leueo- 
cytosis is demonstrable, and the spine becomes exquisitely tender. 
Within forty-eight hours of the onset of weakness the legs become com- 
pletely paralysed and urinary retention develops; shortly after, all 
forms of sensation below the level of the lesion are lost. If sur<dcal 
tre.itmeut is not employed at this .stage or sooner, the patient dies from 
e.xtension of the infection, ascending pyelonephritis, or pyemia. If, on 
the other hand, the presence of an .abscess in the spinal' canal is sus- 
pected shortly after the onset of paralysis, the diagnosis niav be verified 
by spinal puneture Domoiistratioii of a spinal fluid block indicates that 
the patient has an extradural abscess .md not an infection of the cord 
Itself The surgical removal of a mass of pus and granulation tissue 
relnnes the eoinpression of the spinal cord and its blood supplv The 
.legree of residual paralysis, if any. depends upon the degree of in’evers- 
il.le rtiange produced in the siiinal cord by compre.ssion and ischemia. ’ 

Of -VuroloKlcn .s„r^eo-. CRx-IanC. Ohio. 

10 c. Util for public.-rttnn. Xo\ 19<o 
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may vary from a few days to weeks. For some unlaiown reason these 
spasmodic episodes are not apt to recur following operative intervention 

and the majority of these patients who have been followed for i^ears re- 
main well. 

SUMMABY 

The etiologieal factors, tlie pathology, the clinical histoiy, the physical 
findings, and the operative procedure in cases of intestinal obstniction 
due to spasm of the colon are discussed. Cases from the literature are 
briefly abstracted and five new cases are reported in detail. 
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Examination divulged a temperature of 101° P., stiff neck, abdominal distention 
and tenderness, spastic paresis of the lower limbs, and diminished sensation below 
the level of the xiphoid process. Spinal puncture the day after admission pro- 
duced clear fluid containing only one cell per cubic millimeter. Compression of 
the jugular veins caused no rise in the pressure of the fluid. By the next day 
complete flaccid paralysis of the legs had developed. A diagnosis of epidural spinal 
abscess was made and a neurosurgical consultation requested. The spinal puncture 
was repeated, the spinal block was verified, and 1 c.c, of lipiodol was injected 
into the subarachnoid space. Under the fluoroscope, with the head of the table 
lowered, the lipiodol was seen to stop at the level of the fifth dorsal vertebra. 

Operation under local anesthesia was performed immediately, the fourth, fifth, 
and sixth dorsal spinous processes and laminae being removed. Pus escaped be- 
fore the bone removal was completed. Two separate pockets of pus were found, 
each containing 1 c.c. A layer of granulation tissue occupj'ing the epidural space 
was removed as completelj’ as possible. The wound was loosely packed with strips 
of vaseline gauze. Culture proved the organism to be nonhemolytic streptococcus. 

The patient gradually improved postoperatively with eventual subsidence of fever 
and by the seventeenth postoperative day could move his legs slightly. Physical 
therapy was instituted. By the twenty-eighth postoperative day the patient was 
able to walk short distances with crutches. He was discharged in fair health on 
Oct. 10, 1939, after flftj'-nine days in the hospital. Four months later on Feb. 
12, 1910, anesthesia had completely disappeared and the bladder function was 
practically normal. He is now walking with the aid of a cane and has returned 
to work in a newspaper office. 


Case 3. — E. C., a white man, aged 22 years, was admitted to Charity Hospital 
in New Orleans, Dec. 5, 1939, complaining of boils on the buttocks. These lesions 
had appeared about sixteen days prior to admission and had been incised. 

The patient was acutely ill, as evidenced by a flushed face, clouded sensorium, 
fever, tachycardia, and rapid respiration. A diagnosis of Stai)hylococcit$ aureus 
septicemia was made by means of blood culture and the patient was given staphy- 
lococcic antitoxin, blood transfusions, and 2- (p-aminobenzcnesulfonamido) -pyridine 
(.sulfapyridine). He gradually improved and was practically ready to go home 
when, on Jan. 9, 1940, lie c.xpcrienced severe pain in the regions of the midthoracic 
.spine and the sternum. The temperature on that day reached 100.G°. During 
the next two day.s the logs became paralj'zed, sensorj- perception below the xiphoid 
process diminislicd, and catlietcrization of the urinary bladder became nccessarv. 
Tenderness pervaded the region of the sixth dorsal spinous process. The white 
blood cell count rose to 19,400. Spinal puncture with jugular compression showed a 
complete sub.-iraclinoid block. Fluoroscopy following the instillation of 0.5 c.c. of 
lipiodol indicated tliat tiic lower border of the block was at the seventh dorsal 
vertebra. 


A few hour.s later under general anesthesia an incision was made with the elec- 
trosiirgical knife. The spines and the laminae of the fourth throimh the seventli 
.l„r.-al vertol.rae wore removed. Pus escaiied from the epidural space as soon the 
ligamentum llnvnm was opened. Tl.c granulation tissue encountered was so tonacions 
vaseutar that nearly one and one-half honr.s were required to obla'in adequate 
exposure of tlie dural sue. ’ ^ 


immed.ately ,wmr to oj.eration the patient was totaliv paralvzcd except for 
.l.ght movemeat m the toe., of the left foot. A few day., after operation he cou d 
move both legs without d.thcdty; he nrinated voluntarily on the ninth dav wS 
Iti-l examined four montiis after ojieration the 

bI.' ;r, •'y" 
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Because of past efforts, particularly of Weilbaeclier,i the interns and 
residents at Cliarity Hospital in New Orleans reeeiitlj" became alert to 
the existence of this disease entity. This undoubtedly accounts for tlie 
surgical treatment of four such eases by me ■wdthin a period of one jmar. 
All four of the patients were practically totally paralyzed prior to 
laminectomy. Three are now able to walk and have control of the 
uiinarj’^ bladder. The other jjatient died from empyema. The report of 
these four eases follows : ' 


Case 1.— H. P., a -n-liite boy, aged 7 years, ivas admitted to Charity Hospital in 
New Orleans, Peb. 3, 1930, complaining of pain in the lower part of the chest. 

Nearly three months befoie the patient had furuncles on the lips, thigh, nrists, 
and back, Tno weeks before entering the hospital he was put to bed following 
a head cold because of severe pain in the lower thoracic spine which ladiated to 
the front of the chest. Five days before admission the boy complained of weakness 
of the legs. During this illness he had a temperature varying from 99 to 102° P. 
When the patient was admitted to the hospital, his legs weie too weak to permit 
standing and he was unable to urinate. The temperature was 100° F., the pulse rate 
115, and the white blood cell count numbered 10,350. A tentative diagnosis of 
acute anterior poliomyelitis was made. By the third day paralysis of the legs 
became complete. The ankle jerks could be obtained, but the patellar reflexes 
were absent. The Babinski sign was present bilaterally. There was practically 
complete anesthesia below the level of the umbilicus. A neurosurgical consultation 
was requested. Fluoroscopy following the injection of 1 c.c. of lipiodol into the 
lumbar subarachnoid space demonstrated a complete spinal block at the level of 
the tenth dorsal vertebra. Nearly eighteen hours later at operation imder local 
anesthesia numerous small pockets of pus were found in the epidural space. Tlie 
epidural fat was hemorrhagic and edematous and invaded with granulation tissue. 
The infected material was remoied, thus exposing the dural sac for a distance of 
about 10 cm. The sac began to pulsate. A rubber drain was laid in the wound 
and the skin was partially closed. The bacteriologist reported the StnphyJococcu'i 
alhns in the pus. 

By the sixth postoperative day the patient moved the left leg and the toes of 
the right foot. The wound drained for several weeks before healing. Phi .sical 
theiapy was instituted and eventually the patient could walk unaided. The child 
was fitted with a back brace and discharged from the hospital on the one hundred 
and sixth postoperatix e day. In the fall, still wearing the brace, he was able to 
attend school. He was again seen on March 19, 19-10, at which time examination 
disclosed a spastic paresis of the legs. He walked with a waddling gait, bonding 
slightly forward and swaying from side to side. There were no sensory disturbances 
and the bladder and bowel functioned normally. 


Case 2. G. M., a white man, aged 31 year.s, was admitted to Charily Ilospilnl 

in New Orleans, July 14, 1939, complaining of pain in the clicst, abdominal cramps, 
weakness of the legs and malaise. 

Two months before admission the patient had had an attack of infliicnra, wlncli 
was followed by slight deafness and pain in the right car. On June 2.j a iniistoidci 
tnmv was nerfoimcd. Convalescence was unexentfiil until Juh 10, when, following 
c.xpLre to rain, he experienced pain m the lower part of the chest on the right 
side On the dav of admission the legs were weak an.l sdg and the bladder was 


iralyred. 


•case 1 has been K'nl'nnd’ls 

flows" before' urn Orleans P.ari«h M-dlcal Soc.rtj. 


C’lMfs 2 /in«l n npi><.irof] In 
Sun/if (tl Joitnuit an c.iv*- pr< n- 
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Location. — ^An understandiug of tlie anatomy of tlie epidural space 
lieips but does not entirely succeed in explaining wliy these abscesses 
localize in certain parts of the spinal canal. The spinal epidural space, 
n-hieli is filled -with fat, loose areolar tissue, and blood vessels, is located 
on the dorsal and lateral aspects of the dura. Ventral to the spinal 
nerves the dura is closely applied to the bodies of the vertebrae and 
their ligaments so that the epidural .space on the anterior aspect of the 
cord is only a potential one. This is true from the first cervical vertebra 
to the second sacral segment ; belon" this point the epidural space sur- 
rounds the dural sac. 

The epidural space is not uniform in size throughout its length. This 
ivas observed by Dandy,® ivlio, in 1926, made an investigation of the sub- 
ject. In its upper i^ortion, the cervical region, the space is only potential. 
The epidui'al space really starts at the seventh cenn'cal vertebra, gradu- 
ally increasing in size until it reaches the middle third of the dorsal 
spine and tapering off slowly until it is quite shallow between the 
eleventh thoracic and second lumbar vertebrae. Between the second 
lumbar and the sacral vertebrae the epidural space involves the largest 
area. 

It has been noted that these abscesses, with few exceptions, are located 
posteriorly. However it is not only anatomically possible for epidural 
abscesses to occur in the anterior part of the vertebral canal, but five 
such cases have been reported.®- Most abscesses localize in the tho- 
racic region. Why they do not occur more frequently in the larger lum- 
bar and sacral epidural spaces is not definitely known, but the fact is 
possibly related to the vascular supply of these regions. Although some 
of these infections become circumscribed, others have been known to ex- 
tend the length of the epidural space (Weilbaecher’s second ease and 
others). 


Eiiolof/y — Infections in the epidural space may occur by direct exten- 
sion from suppuration in adjacent tissues or by metastasis from a dis- 
tant focus through the blood or lymph streams. Most of these abscesses 
arise by metastasis through the blood stream from furuncles of the .skin 
as in my first, third, and fourth eases. Boils, which are probably the 
eomnumest source of infection in tliis disease, were the etiologic factor in 
.'12 6 per cent of flic eases reported by Gasul and Jaffe" in^thoir series 
collected from tiie literature. M.v second case was apparentlv metastatic 
from puruhnt mastoiilitis .Mi.vtcr and Smifliwiek® also reported a case 
with a smiil.ir liistory. The source of the organism was not known in 
17 9 per cent <if Gasul ami Jafle s collected series, but there was a liis- 
l,.ry of trauma in these eases. Hunt." Donati.®" Seliimwcrth "-® and 
Browder ami Veyers^-- believe that almost every epidural suppuration 
occurs secondary to osieomyehfis of a vertebra. Tliey contend that the 
hone locus IS usually unrecognized at operation or neeropsv. That .so 
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Case 4.— E. C., a white man, aged 18 years, was admitted to Charity Hospital 
m New Orleans, June 30, 1939, complaining of pain in the chest. The patient 
gave a history of a recent boil on the elbow. One week before admission he felt 
a sharp pain in the back of the chest. On June 25 severe frontal and occipital 
headache appeared. The day before admission he experienced difficulty in moving 
his legs. On the day he entered the hospital, he could not move the legs at all 
and could not void. 

Examination disclosed flaccid paralysis of the lower limbs, diminished sensation 
below the level of the xiphoid process, and a distended urinary bladder. Fever 
and leucocytosis were demonstrable. The spinal fluid was clear. Queckenstedt’s 
test was not performed. 

A neurosurgical consultation was requested on the following day. Spinal punc- 
ture revealed a complete block. Tenderness and redness extended over the fifth, 
sixth, and seventh spinous processes. Anesthesia and paralysis below this level 
were complete. Although the prognosis was considered to be practically hopeless, 
laminectomy was immediately performed under general anesthesia. Pus was found 
in the paravertebral muscles as well as in the epidural space. Tlie offending or- 
ganism was Staphylococcus alhus. The laminectomy wound eventually granulated 
in and epithelized but the patient died of empj'ema on the seventy-sixth postopera- 
tive day. 


Incidence . — The incidence of epidural spinal abscess is not known, but, 
according to Hirschfield and Yaskin,” the disease was recognized in Italj’' 
as early as 1820 by Bergamaschi.® The literature was reviewed in Ger- 
man by Schmalz^ in 1925; in French, by Veragutii and Sciinyder® in 
1929; and in English, by Dandy® in 1926, Gasul and Jaffe’ in 1935, and 
Campbell® in 1937. In 1926 Dand3'® stated that he had never seen a 
patient with an abscess of the extradural space either during life or at 
necropsj’’ but that he had been able to collect twentj’’-five cases w'hich had 
appeared sporadicallj’’ in the literature up to that time. In 1935 Gasul 
and Jaffe^ collected sixtj^-four eases from the literature and added three 
of their own. It is noteworthj^ that in onlj" a few textbooks is the condi- 
tion mentioned. At first glance these facts suggest that the disease is 
rare. However, there are sufficient reasons to believe that not the dis- 
ease but its reeognition and surgical treatment are rare. This is attested 


bj'- the fact that, although Weilbaeclier* was able to find only one case 
from a search of the records at Charity Hospital in New Orleans for 
the period from 1906 to 1937, seven ca.ses have been recognized sinee 
then. Further evidence that the disease probably occurs relatively fre- 


quently is indicated by the fact that Jlixter and Smithwick" have per- 
sonally observed ten eases. Certainly many children and adults develop 
transverse myelitis every year. Probably some of the cases which arc 
dia-mosed clinically as poliomyelitis, infectious myelitis, .syphilis of the 
sninal cord, spinal meningitis, and apoplexy of the cord are in reality 
cases of metastatic epidural spinal abscess. Since Gasnl and Jaffc re- 
viewed the literature in 1935.^scattcred reports of cases have appeared 

with increasing frequency." 
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ous procedure. When the ab.seess is somewhere in the thoracic region, 
little risk is attached to lumbar spinal puncture. If the Queekenstedt 
sign can be demonstrated, in all probability one is not dealing with 
extradural suppuration. When a block exists, extradural suppuration 
is almost eei-tainly present. In such a case it is helpful to inject 0.5 c.c. 
of lipiodol into the canal before withdrawing the needle. The patient 
may then be put on the tilting fluoroscopic table and the head lowei'ed. 
The lipiodol will gravitate to and stop at the lower border of the lesion. 
This additional information is often useful. The sensory examination 
tells the upper level of the lesion ; the lipiodol indicates the length of the 
lesion. In short, it is possible for extradural suppuration to compress 
the dural sac over a large area. The spinal fluid may be clear; often it 
is cloudy because of pleocytosis. Organisms in the fluid indicate that 
meningitis is complicating the extradural infection. 

Treatment . — Once the diagnosis of compression of the spinal cord has 
been established, laminectomy with drainage must be done at the earliest 
possible moment. A longitudinal incision is made over the posterior 
spinous processes and the muscles of the back are retracted so that three 
or four posterior spinous processes are isolated. Two spines nearest the 
center of the wound are removed. One of the neural arches is then 
taken off and the ligamentum flavum opened. Pus and granulation tis- 
sue are immediately encountered. The laminectomy is then carried both 
upwai'd and downward until the poles of the lesion are reached. 
Whether two or ten laminae are removed is not a matter of considera- 
tion. The granulation tissue may lie on the posterior surface of the 
dural sac or may lie as well on both lateral surfaces. Portunatelj-, the 
pyogenic tissue rarelj’ lies anterior to the dural sac. When the operator 
has reached the upper pole of the lesion, the entire dural sac will begin 
to show normal pulsations. It is not necessax-y, nor indeed possible, to 
remove all of the pyogenic tissue fi-om the spinal canal. The object of 
the operation is to decompre.ss the dural sac and to provide adequate 
drainage of the exti’adural space. A soft rubber diuin maj’ be laid on 
the suiTace of the dura or the wound may be loosely packed with .sti-ips 
of vaseline gauze. In a few weeks the wound granulates in from tlie 
bottom and epithelizes. 


Prognosis . — According to Campbell,® four cases of reeoveiy fx-om 
metastatic epidui'al spiiiitl absce.ss without operation have been x’eported 
(Leydon,* Keienlmrg,®'' Iji-axin,®' and None®). Recovery in ICcienbux'g’s 
patient followed tlie injection of tx-ypoflavin. That certain mcta.static 


infections in the epidiu'a! space ax'e self-limited and do not progi-ess to 
the stage of compi-essing the eox-d and causing pai-alysis is a plaxisible ex- 
phinalion for x-eeoveries without stxx-gical ixiteiwention. When the diag- 
xiosis is made heloi-e paralysis is complete or befoi-e pat'alysis has been 
comidete for moiv than a few hoxxx-s, tluwe is good ehance for complete 
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few spiual abscesses are foiiucl adjacent to the vertebral bodies (anterior 
to the dorsal sac) and that so few occur in the cer'v'ical and sacral regions 
are arguments against this theory. 

The organism most often responsible for this infection is the stapliy- 
lococcus, which was tlie offending org-anism in eveiy case in Gasul and 
Jaffe s series in which a baeteriologie examination was reported, except 
the case of Delearde,^” which was caused by the streptococcus, and that 
of Schick,®’ caused by the pneumococcus. The staphylococcus organism 
was responsible for the infection in three of my four eases. The other 
case was a nonhemolj'’tic streptococcic infection. Kaney®^ reported three 
cases and Browder and Mej'ers,®'’ one case, in which culture proved the 
organism to be the pneumococcus. Eaymond and Sicard®® had a ease 
caused by the typhoid bacillus and Campbell® reported a case witli 
Bacillus pyocyaneous infection. 


Diagnosis . — It is unreasonable to hope to make consistently a diag- 
nosis of metastatic abscess of the spinal canal before symptoms of spinal 
cord damage appear, although Cohen®^ and Slaughter and assoeiates®"' 
reported eases in which the diagnosis was made before the appearance of 
neurologic signs. If a patient with a history of boils should begin to 
have severe root pain in the back, one could suspect the presence of 
spinal suppuration and could be alert to the development of weakness 
of the legs. However, the rapid development of weakness of the lower 
extremities suggests a number of diseases. If the patient is afebrile, 
such conditions as metastatic tumor of the spiual canal, compression of 
the spinal cord bj’' tumor of the vertebrae, Pott’s disease, and hysteria 
are considered. If fever is present, the most likely possibilities in addi- 
tion to epidural abscess are poliomyelitis and infectious myelitis. In 
addition to other chai’acteristic clinical findings, the patient with polio- 
myelitis or infectious mj^elitis will not have a block upon pei’formance 
of Queekenstedt’s test. In brief, if the patient has fever, rapidly pi’O- 
gressing weakness of the legs, and a spinal block, it is certain that the 
diagnosis is compression of the spinal cord by extradural suppuration. 
Whether the suppuration is by metastasis or by direct extension is of no 
immediate significance. A surgical emergency exists and prompt de- 
compressive laminectomy is mandatory. 


The level of the lesion can be determined by clinical examination. The 
sensory level is usually fairly definite. The level of root pain is a still 
more accurate indication of the site of the lesion. Tenderness of the 
spine on palpation is also informative. When the symptoms are sngps- 
tive of an abscess in the lumbar spinal canal, it is unwise to do a .spinal 
nuncture. If one failed to aspirate pus from the extradural simce, the 
noiiit of the needle would undoubtedly be carried into the snbaraehiioid 
space and meningitis could re.sult. Several authors have advocated at- 
tempting to aspirate pus from the extradural .space, but this is a dang 
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or pai*tial recovery of function following decompressive laminectomy 
and drainage. Of the sixty-seven cases collected by Gasul and Jaffe, 
thirty-five had lamineetomies, 48.7 per cent of which recovered. Abra- 
lianison and co-workers'^’® observed that, in a collected series of sixty 
cases, twent.v of the tliirty joatieiits who had operations survived, giving 
a mortality of 33.3 per cent; whereas, the mortality rate for the thirty 
patients who were not treated surgically was lOO^per cent. Campbell® 
estimated that about 40 per cent of all patients surviving operation have 
complete restoration of function. If the diagnosis is delayed until 
paralysis has been complete for a number of days, operation is usually 
contraindicated. However, in certain instances of this type, operation 
will be performed to relieve the severe root pain and to drain the sup- 
puration so that it will not extend into the abdomi 2 )al or thoi'acic cavi- 
ties. Such a procedure might save the patient’s life for the time being, 
but the total paraplegia would persist and death would merely be de- 
layed. 

In three of the four eases reported in this paper, operation was per- 
formed just before or shortly after paralysis had become complete. 
These three patients are now able to walk and have control of the anal 
and vesical sphincters, but there are residual motor disturbances. Tlie 
other patient, who had been paralyzed nearly forty-eight hours before 
operation, died of empyema. 

summary 

1. Early recognition and prompt drainage of acute epidural abscess 
of the spinal canal is urged. 

2. The incidence, location, etiology, diagnosis, treatment, and prog- 
nosis of epidural spinal abscess are discussed. 

3. Four cases of acute epidural spinal abscess, three of which recov- 
ered follomng decompressive laminectomy', are reported. 
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phlebitis, puerperal sepsis, and appendicitis. At some time during the 
first two or three months following the infection and often within the 
fir.st two weeks, the patient begins to complain of a boring pain in a 
cireumsci’ibed pai*t of the vertebral axis. The pain is annoying, con- 
stant. at times throbbing, made more intense by coughing, sneezing, and 
any movements of the spine, and is frequently associated with tender- 
ness over the painful area. Localized swelling may be present. There 
may be complaints of chilly sensations, headache, lassitude, generalized 
myalgia, feverishness, and sweating, all of which may rapidly recede or 
may persist for several weeks. The temperature may range between 
101 and 105° F. and later establish itself as of the septic type. Cor- 
responding acceleration of the pulse and respiratoiy rates is often pres- 
ent. The blood count reveals a polj'morphonuelear leucoeytosis of from 
12,000 to .35,000 per cubic millimeter. Commonly, after several days 
there is added to the boring pain in the back a radicular tjpe of pain, 
sharp, often lancinating, and frequently associated with a “girdle sensa- 
tion.” The neck may become rigid. Headache and vomiting may ensue. 
In some instances the infection is fulminating in character and may be 
complicated by septicemia and this in turn by metastatic implication of 
lungs, heart, liver, and kidne.vs. Neurologic manifestations, although 
thc.v may be present, do not become prominent in some cases before death 
ensues. In the average case, however, the infection remains more 
localized and the involvement of the spinal cord or eauda equina is slow- 
ly progre.ssive, until at the end of four or five days complete interrup- 
tion of their physiologic functions supervenes. During the early phase 
of implication of the spinal cord, pare.sthesias and dyse.sthesias of one 
or more extremities often presage the more dramatic and later appear- 
ing signs. Examination at this time frequentl.v discloses a marked de- 
gree of cutaneous sensitivity to painful stimuli over the affected parts. 
A degree of paralysis of the mu.seulature below the level of the lesion 
soon makes its appearance. Rapid implication of the spinal cord 
usually results in flaecidity and areflexia. irrespective of the level in- 
volved ; whereas, in the subaente and chronic forms spasticity and 
hyper-reflexia are more commonly ob.served. Involvement of the lower 
lumbar and sacral segments of the cord and the eauda equina regularly 
results in (laceidity and areflexia. Yai-ying degrees of abdominal disten- 
tion and tympany are frequently encountered. The urinary bladder 
becomes distended, followed by overflow incontinence. Fecal incon- 
tinence may shortly enstie. The sensory status, like the motor, is de- 
Itcndent upon the acuteness of the process and the degree of involve- 
uient of the spinal cord and nerve roots. In some instances acrognosis 
and pallesthosin have been observed to pei-sist longer than the superficial 
nmdalities of sensation. In tubers preservation of flie appreciation of 
painful and thermal stimuli with loss of the proprioceptive .sensibilities 
has betm .Icmonstrated. Timphic alterations of the .skin arc frequenllv 



PYOGENIC INFECTIONS OF THE SPINAL EPIDUEAL SPACE* 
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IN 1936 a review of the iiterature concerning jiyogenic infections of the 
A spinal epidural space disclosed 203 cases to ivhicli we added 7d Our 
interest in this subject has been augmented by experience with a second 
group of 7 instances of this disease. During- the joast four j^ears several 
important contributions""' have emphasized the clinical aspects of tin's 
entitjL In spite of this it would seem that tlie sjmdi-ome is still not gen- 
erally recognized, as is indicated by the fact that 6 of the 7 recently en- 
countered eases did not come under our observation until the disease was 
so advanced that application of appropriate therapy came too late to 
effect recovery. The present communication is intended to correlate the 
clinical features of acute pyogenic epidural infections with the con- 
comitant pathologic alterations and to describe the histologic changes 
observed in the spinal cord and their probable relations to the pathologic 
phj^siology associated therewith. 

It has been quite generally considered that there are two modes by 
which septic agents maj’ invade the spinal epidural space. In the first 
of these it is regarded that the infection extends directly from an in- 
flammatory pi’oeess in tissues adjacent to the vertebral column into the 
epidural space. In the second mode of invasion it is presumed that a 
septic metastasis arises from some moi-e distant focus of infection and 
by a hematogenous route establishes itself directly in the epiclin-al .space. 
Numerically the cases included in the first group are in the minorit.v and 
these present the lesser difficulty of pathogenic interpretation. It is 
with the generally accepted pathogenesis of the second group that we 
are at variance. The convictions expressed in our earlier eomninnicn- 
lion, namely, that all such lesions are preceded bj-- vertebral osteomyelitis, 
appear under no necessity of revision in the light of the present study. 

Although the clinical picture has been amply described in several 
reports, it seems advisable to recapitulate. Once familiarity with the 
entity has been gained, the story and clinical findings should leave little 
doubt regarding the diagnosis, especially in the acute form of the 
disease. The history is usually positive for a previous or eoe.visteni in- 
fection. Representative e.vampics of such infections are nasopharyngitis. 

tonsillitis, abscess of tooth, pneumonia, furunculosis. 
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otitis media, 
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cases thick creamy pus welled up from the paravertebral region upon 
retraction of the muscles. The patliologie changes in the epidural space 
ranged in character between two extremes, fi’ce pus and a circumscribed 
low-grade granulomatous mass. Between these extremes many inter- 
mediate grades were observed. Tlie eephalad and eaudad limits of the 
purulent collections were demai’cated by a firm, well-vascularized, thick- 
ened epidural fat. In the more central portions of the lesions the fat 
was found in vaiying degrees of disintegi’ation, ranging between early 
necrosis and complete liquefaction. The granulomas were represented 
as fairly discrete lesions. In length they extended a distance of over 
one to four vertebral segments, occupying the epidural space and con- 
forming roughly to its .shape. The greatest thickness ranged between 4 
and 6 mm. and was most often discovered at the central portion of the 
involved area. Prom here the lesions tapered toward their periphery. 
On gross inspection the masses appeared grayish red and granular on 
the surface. No large blood vessels wei’e visible. On section the granulo- 
mas were dense and intimately fused with the dural sm*faee so that ef- 
forts to strip the lesions away from the dura were beset with the danger 
of tearing the lattei-. The superficial appearance of these lesions closely 
simulated that of other gramdomas (.syphilitic and tuberculous) and in 
certain cases that of lymphomatoid diseases of the spinal epidui’al space. 
The discovery of punctate areas of pus on the cut surface of such a ma.ss 
greatly facilitated the differential diagnosis. However, in an occasional 
instance the diagnosis was not only impossible by giuss inspection but 
exceedingly difficult even by microscopic examination. In Case 7 several 
well-qualified pathologists intei'preted the microscopic findings as those 
of Hodgkin’s disease and only after eleven years had elapsed could the 
issues be decided in favor of pyogenic granuloma. The dura itself was 
commonly but not invariably thickened adjacent to the epidural le.sions. 
Hicro.scopie.ally the collagenous bundles of this structure were edematous 
and infiltrated with inflammatory cells. New capillaries and capillary 
tufts were abundantly in evidence. Some of the larger vessels were oc- 
cluded by organized thrombi. Punctate abscesses were sometimes ob- 
served within the dura itself. In one instance the subdural space im- 
mediately underlying the Ic.sion was occupied by a layer of amorphous 
cellular detritu.s. The Icjitoineninges ajqicared regularly to be implicated 
by the inilammatory ]-)roeess to a variable degree. In the very mild 
reactions of the piarachnoid the cerebrospinal fluid appeared clear and 
colorle.ss and often revealed an increased total protein content Avithout 
pleocytosis. As a later complication the subarachnoid .space of the 
entire cerebrospinal axis was implicated by a bacterial meningitis. Hore 
commonly, however, a limited iiortion of the .subarachnoid space cor- 
responding to the epidural lesion was obliterated. Here was demon- 
strable an ouiiionring of inflammatory cells and such an organizAition of 
mcsoblastic elements ns to fuse the arachnoid and the pia. The most 
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observed. Lumbar puncture in the average ■well-established case yields 
characteristic findings. The Queckenstedt test usually indicates the 
presence of comj)lete or incomplete occlusion of the spinal subarachnoid 
space. The spinal fluid may vary in appearance from colorless to dis- 
tinct xanthochromia and is commonly found to contain an increase in 
cells of from 50 to 100 per cubic millimeter. Lymphocytic cells are 
usually predominant. The protein content of the flnid is frequently in- 
creased to 50 mg. or more per 100 c.e. Culture and smear are negative 
for the presence of organisms unless the leptomeninges have been in- 
vaded. In some eases of the present series the inflammatory process was 
caudad to the conventional level for puncture and the possible presence 
of a subarachnoid block therefore could not be detected. In one patient 
with cervical cord involvement (Case 11) the snbarachnoid space was 
found to be patent and the cerebrospinal flnid normal. In instances in 
which the lumbar epidural space is suspected of being the site of the 
suppuration, pus may be encountered during the performance of the 
lumbar puncture if frequent aspiration is carried out as the needle 
traverses this space. 

It is rare to find roentgenographic evidence of bony changes of the 
vertebral column. In the present series of 14 cases there was a definite 
zone of bony destruction demonstrated by the roentgen-ray examination 
in one patient and by suggestive changes in another. Failure to identify 
a zone of bone destruction should not render one reluctant to make a 
diagnosis of spinal epidural infection. The important features bearing 
reference to the 14 eases included in this series are summarized in 
Table I. 


Pathology . — The pathologic descriptions vliich follow are based on 
findings disclosed at operation in 9 instances together with necropsy data 
derived from 7 of the 8 patients wlio died. Among the 14 cases of the 
present series, gross evidence of osteomjmlitis was demonstrable in 12 in- 
stances. This lesion was identified in 7 of the 12 eases at nutops 3 % in 2 
at operation, and in the remaining 3 bv' its presence as suggested b.y the 
roentgenograms. In the remaining 2 cases the data were insufficient to 
exclude the possibility of the presence of this lesion. The gross and 
microscopic features of the vertebi’al osteomj'elitis were in no essential 
respects different from osteom.velitic processes encountered in other 
bones. Upon approaching the vertebral column at operation or at 
autops.y, gross alterations of the soft tissues were occasiouallj' observed 
before the bonj^ colxnnn was reached In 3 cases the muscles and fasciae 
were edematous to such a degree that an e.xteriially visil)le and palpable 
.swelling- was produced. In 2 of these incision disclosed free pus diffusc- 
iv distributed in the fascial planes. The e.xjmsed vertebra affected bv 
osteomvelitis revealed a shagfO'. sometimes fenestrated ,,eriost<'um vhieli 
stripped .vith inordinate ease. Tl.e implicated bone nas soft and when 
bitten with the rongeur exuded pus from its medullan- imrtn.n. h ■ 
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cases tliick creamy pus ■welled up from the paravertebral region upon 
retraction of the muscles. The pathologic changes in the epidural space 
ranged in character between two extremes, free pus and a circumscribed 
low-grade granulomatous mass. Between these extremes many inter- 
mediate grades were observed. Tlie cephalad and caudad limits of the 
purulent collections were demarcated by a finn, well-vascularized, tliiek- 
cned epidural fat. In the more central portions of the lesions the fat 
was found in varying degrees of disintegration, ranging between early 
necrosis and complete licpiefaction. The granulomas were represented 
as fairly discrete lesions. In length they extended a distance of over 
one to four vertebral segments, occupjdng the epidural space and con- 
forming roughly to its shape. The greatest thickness ranged between 4 
and 6 mm. and was most often discovered at the central portion of the 
involved area. From here the lesions tapered toward their peripheiw. 
On gi'oss inspection the masses appeared grayish red and granular on 
the surface. No large blood vessels were visible. On section the granulo- 
mas were dense and intimately fused with the dural sui’face so that ef- 
forts to strip the lesions away from the dura were beset -with the danger 
of tearing the latter. The superficial appearance of these lesions closely 
simulated that of other gi-anulomas (syphilitic and tuberculous) and in 
certain cases that of lymphomatoid diseases of the spinal epidural space. 
The discovery of punctate areas of pus on the cut surface of such a mass 


greatly facilitated the differential diagnosis. However, in an occasional 
instance the diagnosis was not only impossible by gross inspection but 
exceedingly difficult even bj" microscopic examination. In Case T several 
well-ciualified pathologists interpreted the microscopic findings as those 
of Hodgkin’s disease and only after eleven years had elapsed conld the 
issues be decided in favor of pyogenic granuloma. The dura itself was 
commonly but not invariably thickened adjacent to the epidural lesions. 
Microscopically the collagenous bundles of this stimcture were edematous 
and infiltrated with inflammatory cells. New capillaries and capillary 
tufts were abundantly in evidence. Some of the larger vessels were oc- 
cluded by organized thrombi. Punctate abscesses were sometimes ob- 


seived within the dura itself. In one instance the subdui’al space im- 
mediately underlying the lesion was occupied by a layer of amorphous 
( ellulai detiitus. The leptomeninges appeared regularly to be implicated 
t le inflammatoi’y process to a variable degree. In the very mild 
leactions of the piaraehnoid the cerebrospinal fluid appeared clear and 
colorless and often revealed an increased total protein content without 
p(oe\losis. A.s a later complication the subarachnoid space of the 
entile coitbiospinal axis was implicated by a bacterial meningitis. More 
inmon lowcAcr. a limited portion of the subarachnoid space cor- 
responding to the epidural lesion was obliterated. Here was demon- 
. raWe an outpouring of inflammatory cells and such an organization of 
UHxsoblast.c elements ns to fuse the arachnoid and the pin. The most 
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significant pathologic findings foi* the purposes of the present inquiiy 
are those relating to the spinal cord itself. At autopsy the gross appear- 
ance of the cord at the level of the lesions was usually normal. How- 
ever, in some instances the surface vessels seemed unduly prominent. 
A relative avaseularity was disclosed in three specimens. In addition, 
tivo specimens showed gross evidence of purulent meningitis dissemi- 
nated throughout the cerebrospinal fluid spaces. In no ease was there 
a compression deformation of the contour of the spinal cord. By 
palpation it Avas usually possible to identify a marked softening of one 
to several spinal segments at the level of the spinal ejAidural infection. 
In three of the eases the softening Avas so advanced that the removed 
cord, AAdien folded upon itself, AA'as aeutety angulated at the affected level. 
Gross section of the formalin-fixed cord through the iuAmlA'ed region 



Pig. 1. ^Cross section of the cervical spinal cord Illustrating the flistrJbntion of the 

areas of status spongiosus. 


frequently revealed a ]o«s of architectural features. The gray matter 
here could not be di.stinguished from the white. Microscopical!}' the 
parenchyma of the spinal cord revealed varying changes from sjmeimen 
to specimen. The most constant finding AA-as that of irregularly scattered 
areas of status spongiosus (Fig. 1). These areas Avere in the main periph- 
eral to the ground bundles and did not conform to the topof'faphy of 
the long conduction .systems. They Avere irregular in outline and the 
finer anatomical alterations consisted of distended .sjiaces, the ma.jority 
of Avhich were entirely devoid of myelin and axis cylinders, although 
others contained myelin and axis cylindci-s in varying degrees of disin- 
tanT-itinn tFi'' 21. The di.stribiition of these vacuoli/ed zones, particu- 
ST. lie sectiom tete.. fto™ le™'- ontirciy .lev.M of eeel,.- 
lecture, Avas such as to sugge.st impairment of the intnus.e circulation 
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Fig. 2. — Pliotomicrograpli illiistratine maximum implication of tlie parenciij'inatous 
elements about an intrinsic blood vessel of the spinal cord. The pattern of the 
vascularized zone suggests local interference TviUi circulation, although no evidence 
of thrombosis was demonstrable in this section (Loughlin stain). 
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BROWDER AXD jrEVERS: SPIXAL EPIDURAL SPACE OUD 

of the spinal cord (Figs. 2 and 3). The glial elements did not appear 
to be as severely implicated as the neural. The neurons of the gray 
columns presented all grades of axonal degeneration. According to the 
degree of immlvement at a given level, the anterior horn cells showed 
changes ranging from early swelling, mild chromatolj'sis, and eccen- 
tricity of the nucleus to disappearance of the cell membrane, complete 
loss of tigroid substance, and kaiyorrhexis or pyloiosis of the nucleus 
(Pig. 4). Tlie blood ve.ssels of the pia and spinal cord itself were in 
some instances found to be thrombo.sed, but far more commonly they 
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I'Ik. Tk — P hotonilcroKraph Ulustratinp a thromboFcd vos'^ol of Ihf* spinal cord in 
a fiCKnK’nt pmb'rjylnff a zone of epidural infocUon {hematoxvHn-co.^ln s^tain) fFrom 
P.ro\\dvr and Mvycri»: Am. J. Surjj. -I’SG, 1937.) 

were unaUcred or at most eongc.sled. In one specimen thrombosis of 
intramedullary ves.^els was clearly demonstrated (Fig. 5). The specimen 
obtained from Case 10 with which meningitis was associated was .siimn- 
lar in that on gross section a circular area of grayish white tissue oc- 
cupied the base of the right imstcrior funiculus over a distance of four 
himhosneral segments (Fisr. G). Microscopically this zone was rather 
shar])!y demarcated from tlie .snrroumliuir white matter, hut it.s periph- 
ery was not marked hy a eelhilar inflammatory resiionse. Tlie internal 
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responds to tlie as yet uncomplicated osteomyelitis ; radiculai pain to 
tl\e implication of the spinal roots; and, finally, evidence of profound 
sensory, motor, and vegetative dysfunctions to involvement of the spinal 
cord itself. 

The neurologic signs and sjmtptoms are generally ascribed to the fac- 
tor of pre.ssure exerted by the epidural lesion against the I'oots and 
cord. This interpretation rests for the most pai't on the clinical demon- 
sti-ation of a block of the spinal subarachnoid space. It appears to be a 
reasonably defensible deduction in a large number of cases ; however, it 
is inadequate to explain the phenomenon relative to Case 4, in which a 
complete spinal subarachnoid block was demonstrated when no clinical 
disability was observable; and that of Case 11, in which the sphial sub- 
arachnoid space was entirely patent at a time when a quadriplegia ex- 
isted. The inadequacy of the pressure factor alone as a complete ac- 
count of the clinical manifestations is again indicated by our failure to 
demonstrate at necropsy deformation of tlie spinal cord at the level of 
the lesion. Pm-thermore the mode of recoveiy following operation, in 
practically all patients, is strikingly pi-olonged even though no obstruc- 
tion to the spinal subarachnoid space is demonstrable. In addition, 
recovery following drainage of an epidural abscess or the removal of a 
granuloma is neitlier as prompt nor as complete as that observed after 
removal of an epidural neoplasm. These remarks are not intended to 
deny the existence of a pressure factor in the production of the spinal 
cord d}’sfuuetions associated with the advanced phases of spinal epidural 
infections, but i-ather to deny that pressure is the sole factor. The 
pathologic demonstration of irreparable parenchymatous changes within 
the spinal cord is not exqilicable in terms of pressure alone. Neither can 
one attribute the intrinsic damage wholly to thvomhosis of the vessels of 
the .spinal cord, as have certain author.s. After a tliorough histologic 
search such a lesion could be demonstrated in only one of our eases and 
in tiiis simcinien the parenchymatous changes were closelj' simulated by 
other .specimens in which thrombosis was not discovered. An attempt to 
explain these observations logically serves to focus attention on the in- 
completeness of our knowledge concerning the details of the circulation 
of blood and cerebrospinal fluid within tlie cord, the manner of fluid 
exchanges, and tlie limitations of our present methods for demonstrat- 
ing many morphologic alterations. The most tliat may be said at present 
with respect to these jiathologic changes in the spinal cord is that tliey 
are the result of cireiilatory alterations within the cord itself. 

As imlieatod in Table I, ample time for diagnostic consideration 
usually elapses between the onset of the pain in the back and the early 
iimiiifes-tatioiis of .spinal eord iiivolvonient. It is during this period that 
a diagnosis of vertebral osteomyelitis may be made and drainage by 
lainiiieetomy may be instituted before the spinal cord becomes Fnipli. 
eated. The praetic.sl application of this suggestion has been demon- 
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structure of this area disclosed broad sheets of niesoblastic cells most 
resembling those of the pial septa. Contrasted with the relativelj'' uni- 
form dispersion of the axones elsewhere in the section, those in the 
affected area presented an agglomei’ated appearance. In none of the 
specimens were either ectodermal or mesodermal cells encountered within 
the spinal cord which could be interpreted as those of an infianmiatorv 
reaction. 

There were three cases in this seines with lesions classified as chrome 
pyogenic granuloma. None of these died ; consequently material for the 
study of the spinal cord in this type of ease has not yet been available. 
An excellent description of the pathologic changes in the spinal cord 
from a case of epidural granuloma was reported by Hassin in 1928.® 



ITig-. 6. — Cross section of the spinal cord, lllustiatlnp: circular rone located at li.isi' 
of right posterior funiculus as described in the te\t. The se\cre meningeal reattlon 
m the plaarachnoid is dearly In evidence. 


DISCUSSION 

A critical analy.sis of the series of fourteen eases under present con- 
sideration reaffirms the conviction previously expressed that the vast 
majority of infections of the spinal epidural .space established by me- 
tastasis are preceded by vertebral osteomyelitis. With but few e.\'ccj)- 
tions the etiologic agent of this clinical entity is staphylococcus. The 
sequence of events characterised by a severe, or more commonly by an 
insimiificant, infection associated with or folloned by boring pain in the 
back radicular pain, and subsequent evidence of spinal cord involyemen 
• rthis order is practically pathognomonic of this disease. 

I -mm that have been described are, in the mam, consistent nith 
S Tl,„s. .be pei-io.! ol „.rin. pal,, baet eer- 



RUPTURES OF THE PEGTORALIS MAJOR ]\rUSCLE 

E. J. PuuvSKi,® JI.D., AKD B. H. Chaxdlee. M.D., PHiLADELrmA, Pa. 
(From the Department of Suigery, the Franlford Hospital) 

P ECTORxVLIS major muscle tears are not common. Including tlie 
one presented here, only eighteen eases have been reported, chiefly in 
French, Geirnmn. and British literature. Eight cases were revie\ved by 
Gilereest'' in 1939. Patissier,’^ in 1822, apparently recorded the first case 
in a butclier boy, the peetoralis major having been torn when the boy at- 
tempted to unhook an enormous piece of beef. The patient died of the 
inflammation which supervened. Leteimeur (1862)® saw a case in which 
tlie peetoralis was torn while the patient was trying to stop a runaway 
horse. Good function was obtained after immobilization of the shoulder 
for two weeks. .Smart (1873)*" de'-eribed a ease in a 33-year-old carter 
wlio was run over by a van. Redard (1878)*" described in detail a ease 
of incomplete rupture of the peetoralis produced by a violent effort to 
recover balance in a fall from a carriage, wherexxpon the wheel passed 
over the strojigly contracted muscle. The tear healed by fibrous union. 
Regeard (1880)’* diagnosed the condition in a laborer who was thromi 
out of an upsetting lorry, the left arm being trapped in the wheel. 
Malinovski (1885)*" reported a ease in a 20-yeai’-old farmer who fell off 
a liorsc. There was resultant weakness in the arm, with gradually in- 
creasing function. However, the weakness suddenly returned a year 
later while the patient was doing gymnastics. Tear of the peetoralis 
ma.ior at its attacliment to the humerus was diagnosed; operative treat- 
ment was recommended but was refused. 'Weinleelincr (ISSl)"" saw one 
case in an infant, conseciuent upon difficult labor. A case was seen by 
Knaak (ItKlO)'' in wliicli the tear of the muscle resulted from a .strong 
pull lleini.inn (1908)'' described two cases, both in e.xcecdingly muscu- 
lar men. resulting from excessive tension on the contracted peetoralis to- 
gether with direct powerful blows to the muscle. With various phy.sical 
thcraiieiitic measures, less than .50 per cent restoration of function was 
obtained in either case. Cones (lOflO)** published the only report in this 
country A 21-year-old boy ruptured the peetoralis while lifting a tackle, 
when he gave a (juiek .lerk to the rope with his arm held high. Mandl 
(192.5'!.'’ Eiselberg (192.51.* and McKclvey (19281*= each saw- a case 
where the rupture was produced by a sudden violent pull on the con- 
tracted muscle Maiidl’s case was not seen until one and one-half years 
after the accident when sojue weakness in (he limb jiersisted. In Borchcr.s 

li.i.n..! titr eiil.lli m..n, N'.n t. l‘> 4 e 

•.\t pn-. lU It I'r. -ti} 1' tl-in l!..<pnn. X,n Vorl Clp. 
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strated by reports of Slaughter, Fremont-Smitli, and j\Innro” and of 
Cohen.® It seems that infection of hone may be arrested if not actually 
cured by chemotherapentie agents represented by sulfanilamide and its 
deriA'atives. These may prove to he a valuable adjunct in the treatment 
of A'ertebral osteomjmlitis.^'* 


SUiUMARY 

The imiDortant features of fourteen eases of pyogenic infections of tlie 
spinal epidural space haA'e been recorded and the oiiteome in each in- 
stance indicated. The pathologic findings in tAvelve of the fourteen eases 
strongly support the opinion that each of these epidural infections Avas 
seeondaiy to A'ertebral osteomj'elitis. The gross and histologic studies of 
the specimens removed at autopsj^ disclosed changes in the spinal cord 
Avhieh Avere not AAdiolly aseribable to a pressure factor but Avhich aj)- 
pcared to be the residt of stasis. The time inteiYal betAveen the onset of 
pain in the back and the appearance of neurologic signs is sufficiently 
long to permit surgical drainage of the infected area to be instituted be- 
fore the spinal cord becomes irreparably damaged. The use of chemo- 
therapj’^ as a helpful adjunct to the surgical treatment of the disease has 
been suggested. 
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shoulder and over the left side of the chest, and swelling and ecchjTnosis developed 
in the region of the anterior axillary fold. The shoulder uas painful on attempted 
motion and the patient kept the arm splinted against the chest wall for comfort. 
The patient family physician sent him to the hospital tuo days later on Jan, 24, 
Examination at this time revealed marked ecchymosis and swelling over the entire 
left pectoral region, c'^pecially in the anterior axillary fold. The area was tender to 
palpation, and a defect about three-quarters to one inch wide could be felt between 
the two portions of the tom muscle in the region of the anterior axillary fold. 
Jlcdially the belly of the muscle was easily palpated; the portion on the axillary 
side of the tear was less discernible. AVlien the patient was asked to adduct the arm, 
the muscle was felt to move and he complained of pain over it. On forced adduc- 
tion against prc.«sure, marked weakness was noted in the left shoulder. S-ray 
examination of the shoulder was negative for evidence of fracture of the clavicle, 
humerus, and ribs, Tlie clinical diagnosis was incomplete rupture of the left pec- 
toralis major muscle. 

At operation on .Tan. 25. the swelling was noted to have subsided somewhat after 
application of cold coniiire-s'e":. Under ether anesthe.^ia a vertical incision was made 
from the le\el of the coracoid process downward. The skin and subcutaneous tissues 
were reflected back and the tom edges of the pcctoraiis exposed. A blood clot tilled 
the defect between the two muscle fragments, which were separated for a distance 
of about one inch. The muscle fibers were retracted toward the chest wall. The tear 
was found to he at the junction of the muscle belly with its tendinous portion. The 
muscle fragments wore reappro.ximated with difficulty because of the e.xtent of the 
retraction. The muscle was sutured with white silk sutures and the overlying sheath 
was uLso reapproximatod with silk. A small Penrose drain was inserted into the 
lower portion of the wound and the skin closed with silk. The drain was removed 
two days later, .Ian. 27. The patient was discharged on .Tmi. 29. the wound healing 
and in excellent condition. lie was later seen in the follow-up clinic .and gradual 
restoration of function in the adduction of the left shoulder was noted. 

He was soon one jear later and claimed that there was complete restoration of 
function. He was well able to c.irry on with his occupation (paper hanging) and 
claimed no loss of strength in the left shoulder. In this period some widening of 
the skin scar had been noted, probably due to stretching of the part. The scar was 
mil adherent to the underlying tis'-ucs. The sutured portion of the muscle was 
thinner than the remainder of the muscle belly, but there was firm fibrous union of 
the fragments. 
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find Tonfscliefi ’s o;is-e (J.9.'}2)* partial tear of the peetoralis major ivas 
I)roduced hy a coinbiiiation of direct Irainna and pull on the contracted 
nuisele. 


In contrast it is interestiiifr that .AIoiilon"uet fI924;’’* reported sudden 
spontaneous rupture durin'r cold MCJither in a 72-year-old man on leav- 
ing an overheated room. The hematoma resulting increased enormou-sl}' 
and the patient died. There -svas a past history of injurj- to the .shoulder 
^\l)ieh had permanently ivealcened the linih. The tear was attributed to 
.senile changes. Horton (]92.))‘ also •■aw a ca'^e in an aged invalid in 
■^shieli there was no history of injury and likewise attributed the rupture 
to senility. 

Saar,’* Bernhard,’ and others “^tate that the injury is not uncommon 
in sports but is infrerjuently diagnosed. 

Rupture of the peetoralis major nnwele presents a typical clinical pic- 
ture. One finds tumefaction and discoloration over the pectoral region 
with indentation over the rupture site. By ha^ung the patient attempt 
.strong adduction against resistance, the separation and the swelling in- 
crease, the lump hardens, and the pressure over it causes pain. The 
force with which adduction is accomplished is directly in relation to the 
degree of the tear. When the contraction ceases, the lump becomes soft 
again. Attempted motion is usually accompanied by pain over the torn 
muscle. 


Tears of the peetoralis may develop either by (1) exc&'sive muscle 
tension, (2) direct violence, or (3) a combination of both. Two cases 
have been reported as spontaneous ruptures due to ‘^enile changes. 
Pirker’"’ believes old age is a predisposing factor. Of the other cases 
nine were attributed to strong pull on the contracted muscle, one to di- 
rect violence, and five to a combination of both direct bloA^s and ^-iolent 
pull. All cases occurred in males. The tears involved the muscular por- 
tion in everj' case, usually the pars sternalis and the pars abdominalis, 
near the axilJarv fold. Tears of the cJa^dcular portion and of the part 
attached to the sternum are less frequent. Complete tears have never 
been reported. 

As regards treatment, surgical repair of the muscle through suture is 
preferable if seen early, and plastic operation is advisable in eases where 
the dia<mosis has been delayed. There is a normal tendency for spon- 
taneous restoration of function, but this is slow and full power is never 


restored. 

Case Bepobt.— F. L S. (F. H. Xo 3576 G), aged 67 years, an American vhife 
1 " linnner was admitted on Jan. 24, 193S, and discharged on Jan. 29, 193S. 

JaLnt stumbled and fell down the cellar stairs in h,= home on Jan. 22, 1938 
Ti, f half the way down the stairs there was a railing which lie reached out for 
1^+1 fl to trv to check hi« fall. There nas a strong forcible adduction in 

with the left hand to 

the abducte __ ^hnnlder. There was immediate pam m the left 


something 


in 



DUPUYTREN’S CONTRACTURE 

Operative Correction by Upe of Tunnel Skin Graft 

11. L. Skinner, :^LD.. Baltuiore. 5Id. 

(From the Surpica} Seriicc, V. S. Marine Hospital) 

S UCH a condition has been the subject of operation for more than a 
century. As the name implies, it ^vas first described by Dupujdren 
in 1832 as I'esulting from contraction of the palmar fascia. Even before 
this various operative procedures were being done for the defonuity. An 
American edition of Pei'gussonV Surgical Practice, published in 1845, 
described the condition under the chapter entitled “Incisions and Ex- 
cisions,” showing drawings of the hand with the little and ring fingers 
in a state of permanent contraction. The affection was described as 
showing itself by slight inability to extend one of the fingers (generally 
the little one) which, at last, in the progress of years, worked up into the 
palm. By this time the ring finger also would have assumed a nearly 
similar state, and possibl.v too. the middle finger would be somewhat 
rigrid During this period it was the opinion of dissectors that the cellu- 
lar tissue between the ’■kin and palmar aponeurosis was the cause and 
not contraction of the flexor tendons. It appeared to observers at this 
time, when the contracture was extreme, that the skin, cellular tissue, 
fascia, and e\cn tendons were in a moi-e or less state of permanent 
rigidity. They also believed that one or another of the structures might 
be more in fault than the rest. It w.as also noted that the lumbi’ieales 
and interossei muscles might play a part in certain cases. This observa- 
tion was rather interesting, since reecntly Kaplan- has shown that the 
condition was probably due to the contracture of the phalangeal inser- 
tion of the pretendinous bands of the palmar aponeurosis and had little 
or nothing to do with the deep extension of the palmar aponeurosis to- 
ward the deep interossei fascia. He suspected that cases which did not 
h.ne digital prolongations would not develop Dupuytren s contracture. 

It IS often stated that those who arc so employed as to cause much 
pressure on the palm of the hand, such as gardeners, carpenteis. etc., 
are more subject to this condition than others. The evaluation of ibis 
statement is ratlier diniciilt since the frcfiueney of its occurrence in those 
doing little manual labor, such as elcrgAUiien, physicians, bankeis,, etc.. 
Ill some senes of eases rejiorted is greater. However it is noted that the 
lontraeture in tlic'-e p.iticiits came on after middle acre and they gave a 
lustoiw of doing eoiisiderable strenuous labor in early life. Some writ- 
ers feel that Diipnstren's eontr.iclure occurs more commonly in females 

Ur iiuMInlJcin. N»»\ 14, 1?40 
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thiin IS ordinarily considered, but that the disease is overlooked because 
it is less severe. The disease ha.s not been seen in the colored race. The 
rigid hand is most eoininonl}' affected. In bilateral cases the involve- 
ment of the left hand maj^ precede the right by several years or may 
occur .simultaneously. 

Ihe etiology is .still obscure. There are many theories, it being quite 
possible that the primary cause is not always the same though the end 
lesult is. Irauma of varying severity has been I’eeoz’ded in ease reports, 
also low-grade local intlamniatoiy pi’ocess and chronic dental infection. 
I wo predisposing factors have been mentioned ; the loss of the protec- 
tive layer of subeutaiieoiis fat a.ssociated with advancing age and the 
fact that the little and ring' fingei’s are used more than the others in the 
act of grasping- and are tlexed more tightly as the hand is closed. The 
latter, on first thought, appears farfetched, but this is what actually hap- 
Iiens in grasping a golf club. A second possible cause is a constitutional 
tendency to gout or rheumatism. This theory has many adherents. A 
third possible factor is heredity, oceasionallj* noted in cases I’eported. 
This cannot be denied and apparently can be transmitted from either 
the maternal or paternal character. A further possible cause is disturb- 
ance in calcium metabolism. Cases are reported which wei'e hypo- 
calcemic and impro\'ed with parathyroid extract. We know of the rela- 
tion of h}'percalcemia with scleroderma affecting the connective and 
elastic tissue. For this reason we should bear in mind a disturbed func- 
tion of the parathyroids. 

The pathology is essential^'' a hypertrophy and continuation of the 
fascia of the hand. The disease usually begins as an isolated nodule in 
the fascia over the flexor tendon of the ring finger. Other nodules may 
appear in line with the first or over the flexor tendon of the little finger, 

A small dimjDle develops just distal to the primaiy nodule, drawing the 
skin up in a crescentic fold. The middle and index fingers may also be- 
come involved. The disease is usually progressive, but it may be a few 
months to ten to fifteen years before the finger is contracted on the 
palm. During- this time the overlying skin becomes calloused. It loses 
all its normal eharaetei-istics and becomes so intimately connected with 
the fascia in some eases that it is impossible to separate them at some 
points. The digital blood vessels and nerves may be compressed or dis- 
placed from their nonnal position. 

According to the early textbooks on surgei-y, subcutaneous division 
of the rigid textures was practiced. This was followed by gradual ex- 
tension of the fingers on a splint. Apparently that apparatus was con- 
structed to fit the peculiarities of the ease and the ingenuity of the sur- 
o-eon went far to obviate and remove the deformity. The present treat- 
ment consists of complete excision of the contracted fascia. If the via- 
bility of the skin is in doubt, it is excised and the defect is filled in with 
a free, full-thickness graft. Pedunculated grafts have been used but 
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offer no better results besides being too time-consuining and causing 
more discomfort for the patient. In early cases radium bas been ad- 
vocated by Peurstein.’ He feels that it is the choice treatment, although 
it does not give a perfect cosmetic result. 

In selected cases I have been using full-thickness, tunnel sldn grafts 
to fill in the defect. This type of graft was developed by Keller® for 
various postwar defects. The mechanical principles that form the basis 
for succe.ss in grafting work very well for this tj^je of graft in Dupuy- 
tren’s contraction. Accurate coaptation of the graft is obtained through- 
out tlie area to be epithelized ; firm pressure and tension are also main- 
tained over the area. This avoids excessive secretion and venous stasis. 


TUNNEL SKIN GRAFTS IN DUPUYTREN’s 
CONTRACTURE 



I'iK- 1. — Tuiiiu‘1 .'■kill gi-irt-H in Diipiiytrin's contracUiry. 

Tlie operation is performed under gas anesthesia, using a blood pres- 
sure cuff as a tournicpiet. An incision is made along the ulnar surface 
of the hand curved slightly inward at its proximal end. This exposes 
the narrow upper end of the fascia whieli is isolated, clamped, and cut. 
The fascia can then be lifted upward and away from the palm by gentle 
traction on the forceps, allowing division of the numerous fasciculi as 
they t)uss in dilferent directions. The separation of the skin from the 
fascia, especially at the jioint of the nodules and pitlike depressions, i.s 
rather difficult. Careful dis-section is necessary or one may buttoidiole 
the .skin. The dissection is carried distally until all contracted fa.seia 
has been removed. If the contracted fascia extends into the phalange.s, 
which it tiMially docs, separate incLsion and di.ssection may be nece.ssarv. 
In doing this care is taken not to injure the digital nerves and ve.sseis. 
Tbi.s divscction, along with freeing of the skin, is the most diilicuk part 
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tlian is ordinarily considered, but that the disease is overlooked because 
it is less severe. The disease has not been seen in the colored race. The 
light lumd is most commonly affected. In bilateral cases the involve- 
ment of the left hand maj* precede the right by several years or may 
occur simultaneously. 

Ihe etiology is still obscure. There are many theories, it being quite 
possible that the iirimary cause is not ahvaj's the same though the end 
result is. Trauma of ^’arying severit3’’ has been recorded iii ease reports, 
also low-grade local inflammatoiy process and chronic dental infection. 
Two predisposing factors have been mentioned : the loss of the protec- 
tive la3’er of subcutaneous fat a.ssoeiated with advancing age and the 
tact that the little and ring fingers are used more than the others in the 
act of grasping and are flexed more tightl3' as the hand is closed. The 
latter, on first thought, appears farfetched, but this is what aetuall3^ hap- 
pens in grasping a golf club. A second possible cause is a constitutional 
teudene3' to gout or rheumatism. This theory has many adherents. A 
third possible factor is heredit3^, occasionally noted in cases reported. 
This cannot be denied and apparentl3' can be transmitted from either 
the maternal or paternal character. A further possible cause is disturb- 
ance in calcium metabolism. Cases are reported which were h3'po- 
calcemio and improved with paratlyroid extract. We know of the rela- 
tion of lyirercalcemia with scleroderma affecting the connective and 
elastic tissue. For this reason we should bear in mind a disturbed func- 
tion of the parath3’'roids. 

The patholog3’' is essentiall3’- a lypertroply and continuation of the 
fascia of the hand. The disease usually begins as an isolated nodule in 
the fascia over the flexor tendon of the ring finger. Other nodules ma3'^ 
appear in line with the first or over the flexor tendon of the little finger. 

A small dimple develops just distal to the primary nodule, drawing the 
skin up in a crescentic fold. The middle and index fingers ma3’' also be- 
come involved. The disease is usuall3’’ progressive, but it ma3^ be a few 
mouths to ten to fifteen 3"ears before the finger is contracted on the 
palm. During this time the overl3dng skin becomes calloused. It loses 
all its normal characteristics and becomes so intimately connected with 
the fascia in some eases that it is impossible to separate them at some 
jroints. The digital blood vessels and nerves may be compressed or dis- 
placed from their normal position. 

According to the early textbooks on surgery, subcutaneous division 
of the rigid textures was practiced. This was followed by gradual ex- 
tension of the fingers on a splint. Apparentl3'^ that apparatus was con- 
structed to fit the peculiarities of the ease and the ingenuity of the sur- 
„eon M'eut far to obviate and remove the defoxmiity. The present treat- 
ment consists of complete excision of the contracted fascia. If the via- 
bility of the skin is in doubt, it is excised and the defect is filled in with 
a frL, full-thickness graft. Pedunculated grafts have been used but 
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offer no better results besides being too time-consuming and causing 
more discomfort for tbe patient. In early eases radium has been ad- 
vocated by Feurstein.' He feels that it is the choice treatment, although 
it does not give a perfect cosmetic result. 

In selected cases I have been using full-thickness, tunnel skin grafts 
to fin in the defect. This type of graft was developed by Keller® for 
various postwar defects. The mechanical principles that form the basis 
for success in grafting work very well for this type of graft in Dupuj'- 
tren's contraction. Accurate coaptation of the graft is obtained through- 
out the area to be epithelized; firm pressure and tension are also main- 
tained over the area. This avoids excessive secretion and venous stasis. 


TUNNEL SKIN GRAFTS IN DUPUYTREN’S 
CONTRACTURE 



Fig 1. — Tunnel akin grafts in Dupnj trcn’s contractuie. 

The operation is performed under gas anesthesia, using a blood pres- 
sure cuff as a tourniquet. An incision is made along the ulnar surface 
of the liand curved slightly inward at its proximal end. This exposes 
the narrow upper end of the fascia which is isolated, clamped, and cut. 
The fascia can then be lifted upward and away from the palm by gentle 
traction on the forceps, allowing division of the numerous fasciculi as 
they pass in different directions. The separation of the sldn from the 
fascia, especially at the point of the nodules and pitlike depressions, is 
rather diftieult. Cai-eful dissection is necessary or one may buttonhole 
the skin. The dissection is carried distally until all contracted fascia 
lias been removed. If the contracted fascia extends into the phalanges, 
which it usually does, separate incision and dissection may be uecessar3-. 
In doing this care is taken not to injure the digital nerves and vessels. 
This dissection, along with freeing of the skin, is the most difficult part 
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Of tile oiJeratioii. After ennH.„ii- 

for tlie tiuuiel -.raft. 'fVo or thZ skin is obtaiaed 

"‘O tj-iait. rhe source of fi,,. „ i-/. netermmmo- thp 



outlined ou the slan of a size estimated to be necessary fher, f 

hicisiou followed by simply placing the tnnnZZfZ^ Z7aTZZ 
face downward, pullm. one end thz-ou.h puncture wound on Z 
side and letting it extend beyond the incision on the other side f X 
1.) The wound is then sutui-ed snugly with fine silk and without dr ,in ’ 
age. It is not necessary to suture the ends of the grafts in place Ze 
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or six layers of vaseline gauze are then placed over the palm of the hand 
before applying the dressing. The dressing is held in place with a tight 
bandage, the forearm and hand being splinted vrith the finger in ex- 
tension. The bandage is tightened on the fourth or fifth day and is not 
removed until the tenth or fourteenth da3'. At this time, under local 
anesthesia, the skin is cut over the grafts and a poi-tion removed if 
necessaiy ; hoivever, usuallj' the edges are allowed to retract or atrophj\ 
Twentj" per cent argju-ol dressing is applied for a few days followed bj^ 
whirlpool, massage of the fingers, and exercise. At this stage cod liver 
oil ointment is a satisfaetoiw dressing with splinting of the fingers in 
extension at night. 

The use of this type of graft in this affection offers several advantages. 
I have used tliis graft for various other conditions and its growth has 
been more universalh* successful than anj' other tj^pe. The vitalitj* of 
tlie graft seems greater; it is eompletehv surrounded bj' living tissue 
which furnishes an ideal environment, and, if it is necessarj* at anj’’ time 
to change the dressing, it will not disturb the graft. B3' using it in this 
manner, close apposition is assumed, movement does not occur, and ac- 
cvu'ate fitting and cutting are unnecessaiy. The maintenance of proper 
tension is no problem and mild infection does not affect the graft. The 
graft is capable of adjusting itself to a movable contour of the underl}’’- 
ing pai-ts. The whole procedure is quicker, less tedious, not uncom- 
foidable to the patient, and gives the surgeon less anxiet3% 
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FURTHER OBSERVATIONS ON THE ETIOLOGY OP VASO 
MOTOR DISTURBANCES FOLLOWING PERIPHERAL 
NERVE SECTION 


Lawrence N. Atlas, M.D., Cleveland, Ohio 
fFroin the Pcriphcrni Vasoular Clinic, Department 6f Surgery, Cleveland City 
Hospital, and the School of Medicine, Tf^esteni Reserve University) 

I N A PREVIOUS communication^ evidence was presented indicating 
that the freriuently observed nutritional changes which develop in 
digits that have been deprived of tlicir peripheral nervous innervation 
may be initiated by a vasospasm having its oi’igin in the well-knoivn 
phenomenon of “adrenaline sensitization. It has been repeatedly 
demonstrated that arterioles which have lost their postganglionic sympa- 
thetic innervation do become abnormallj' sensitive to minute quantities 
of circulating' adi’enaline. Since tiie postganglionic vasomotor fibers 
reach the blood vessels of the hands and feet via the branches of the 
brachial and lumbosacral plexuses respectively, such sensitization 
should follow their division. The aforementioned report was based 
on a controlled experiment performed in an individual who had suf- 
fered a traumatic division of the median and ulnar nerves at the wrist. 
Following the subcutaneous injection of 0.85 c.c. of 1 per cent neo- 
synephrin hydrochloride, a conspicuous decrease in the skin tempera- 
tures of the anesthetic digits ensued, the surface temperatures of the 
opposite hand remaining unaffected. More recently precisely similar 
findings have been reported by other investigators.’- 

The following is a case of peripheral vasospasm following the sur- 
gical section of a median nerve. It presents several unusual features 
which merit reporting. 

CASE REPORT 


H. L. (No. 211840) was admitted to Surgical Service A at Cleveland City Hos- 
pital Aug. 17, 1939, with the following complaint; For the past year a tumor on 
the inner side of his right arm had been steadily increasing in size. The slightest 
movement of or pressure on the tumor produced shoeklike paresthesia in the second 
and third lingers. 

Examination showed a white male, aged 22 years. Situated in the medial portion 
of the right arm was a firm mass measuring approximately 4 by 3 cm. It appeared 
to be firmly attached to the deeper structures and was slightly tender. Afanipula- 
tion produced paresthesia in the distribution of the median nerve. 

The mass was explored. An ovoid growth measuring 4 by 2 cm. was e.xposed. 

'nvolved the median nerve. Local extirpation appeared impossible, and so the 
^ *°'''t eether with IVs inches of adjacent nerve trunk were e.xcised. The patholo- 
tumor b ^ jjjjgfoscopie diagnosis of neurofibroma with questionable malignant 
gist ma e . ^yas immediately followed by paralysis and anesthesia of 

tieXetures in the hand innervated by the divided median nerve. 
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About ten days following neurectomy, the patient began to experience aching 
pain in the anesthetic portion of his hand. The pain became increasingly severe 
and soon reached the point where he could not sleep. I saw the patient fifteen days 
after the operation. The pain had certain definite characteristics. It was not 
cutaneous but was deeply situated in apparently anesthetic tissue; it was aching but 
not burning; it was constantly present; it was limited to tlie volar aspects of the 
first three fingers and the adjacent portion of the palm and did not radiate or shoot; 
and it could be partially relieved by prolonged application of heat to the painful 
part. 

Objectively, the portion of the hand innervated by the sectioned median nerve 
was dry, cold to the touch, and deeply cyanotic (Pig. 1). Cutaneous sensibility in 
this area was absent. The remaining portion of the hand was cooler than normal 
and was covered with perspiration. There was total paralysis of the muscles in the 
hand and forearm innervated by the median nerve. The operative wound was clean. 



FiK. 1. — The tnangular-shapcd patch of cyanosis outlining tlie zone of the peripheral 
cutaneous distribution of the median nerve m the hand. 


Tins case presented a threefold problem: (1) of o.vplaining the presence of pain 
m apparently anesthetic tissue; (2) of determining iiovv the painful impulses reached 
the central nervous system; and (3) of determining wliat to do to relieve the pain. 
The nature of the pain suggested that it had its origin within tlie tissues of the 
hand as a result of the observed vasospasm. To determine vvliether this vasospasm 
was related to tlie plienomenon of “adrenaline sensitization,’’ 0.5 c.c. of 1 per cent 
neosynephrin hydrochloride was injected subcutaneously. No decrease in shin 
tomporatnres followed, for the reason that superficial vasoconstriction was so intense 
that a further decrease in surface temperature could not occur. However," within a 
few minutes of the injection, the deep-seated pain increased in severity to’ the point 
where morphine had to be administered. ' ^ 
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On the following day tliu nlnar nerve was blocked with pioeaine at the region of 
the elbow. (Leiicheia had reported connections between tlie ulnar and median nerves 
in the palm. lie de.'^ciibes an instance where traction on the .surgically exposed 
ulnar neive produced pain in the distribution of the median nerve in the hand.) 
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Anestlietizatioa of the ulnar nerve was followed bj- immediate, complete relief of 
pain wliich lasted for several hours. The skin innervated by the blocked ulnar nerve 
became hot and dry. The surface temperatures of the portion of the hand in- 
nervated by the sectioned median nerve and in which pain was felt remained con- 
stant (Kg. 3). On a subsequent day the ulnar nerve block was repeated with similar 
results. 

It was evident that pain, prodnetion was in the hand and that painful impulses 
were being carried over the ulnar nerve. It remained to be determined whether the 
afferent fibers carrying these sensations were somatic or sympathetic. Accordingly, 
a procaine block of the upper portion of the right thoracic sympathetic trunk was 
performed. A Horner’s syndrome followed. Skin temperatures in the ulnar dis- 
tribution rose to maximum vasodilatation levels, while those in the median nerve dis- 
tribution remained constant (Kg. 3). Pain was not affected. 

A final diagnosis was made of severe vasospasm in the peripheral distribution of 
a divided median nerve with irritation of extravascular somatic sensory nerve fibers, 
the fibers reaching the ulnar nerve through anastomotic connections between it and 
the distal portion of the divided median nerve. 

Despite the negative results obtained with a procaine block of the sjunpathetic 
trunk, it was deemed advisable to perform a sympathectomy in order to abolish the 
reflex vasomotor disturbances which were beginning to affect the innervated portion 
of the hand. In addition, it was hoped that the resultant increase in temperature 
of the tissues surrounding the painful region by contiguity would progressively relax 
the spastic vessels in that region. 

Following the sympathectomy the entire right hand was dry, and with the ex- 
ception of the portion innervated by the sectioned median nerve, it was pink and 
warm. Within a few days the patient began to experience some diminution in the 
intensity of the pain in the palm. Two weeks later the pain had completely dis- 
appeared in the palm, but it was still present unabated in the fingers. Two months 
later the pain had disappeared from all but the tips of the anesthetic fingers. Six 
months later there was no pain, cyanosis in the anesthetic skin had disappeared, and 
its surface temperature had risen an average of 4° C. Ten months following the 
initial operation tests were performed to determine whether “adrenaline sensitivity’’ 
in the peripheral distribution of tiie destroyed median nerve still remained. Five- 
tenths cubic centimeter of adrenaline was injected subcutaneously, and readings of 
the surface temperatures of the second, tliird, and fifth fingers were taken. The 
results obtained are shomi in Table I. It will be observed that, while the skin 
temperatures in the fifth finger remained constant, those in the anesthetic second and 
third fingers conspicuously decreased. 

COMMENT 

There is little further to say concerning the mechanism of pain and 
vasospasm production. However, this case does present another point 
requiring emphasis. It has been recently suggested*- that the phenom- 
enon of “adrenaline sensitization” tends to disappear in a few montlis, 
and that there is no particular advantage accruing to the preganglionic 
types of sympathectomy. The observations in the reported case are at 
variance with these suggestions. The type of sympathectomy per- 
formed in this instance was preponderantly preganglionic. It con- 
sisted of the excision of the second thoracic ganglion through a posterior 
approach.** As a result wo were dealing vrith a somewhat unique 
situation in which a surgical division of postganglionic fibers innei-vat- 
ing the blood vessels of one portion of a hand was immcdiatelv followed 
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Table I 


Reaction op Souface Temperatures op Second, Third, and Fifth Fingers to 
Subcutaneous Injection of 0.5 c.c. 1:1,000 Adrenaline* 




FINGERS 



SECOND 

THIRD 

PIITH 

Resting skin temperature 
Room temperature, 24.5° C. 

28.9° 

28.9° 

31.9° 

5 min. after injections 




10 min. after injections 


27.6° 


15 min. after injections 


27.4° 


20 min. after injections 

26.8° 

26.8° 


25 min. after injections 

26.7° 

26.7° 

31.8° 

30 min. after injections 

26.6° 

26.6° 

31.9° 


•Test performed ten months after destruction of postganglionic vasomotor libers to 
second and third lingers and preganglionic vasomotor fibers to fifth finger. 


by a surgical interruption of the preganglionic fibers innervating the 
blood vessels of the remaining portion of the hand. Table I illustrates 
that ten months following tliese operations, the skin temperatures in 
the region of the preganglionic denervation were distinctly higher 
than those in the region of the postganglionic denervation, and that 
•while the former remained constant following an injection of adrenaline, 
the latter conspicuously decreased. 
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AN APPARATUS FOR THE PREVENTION OF POSTOPERATIVE 
CIRCULATORY STAGNATION 

H. D, Cogswell, jM.D., jvxd C. A. Thomas, M.D., Tucson, Abiz, 

(From the Thomas-Davis CdnicJ 

I T IS generally agreed that one of the greatest predisposing causes of 
postoperative embolism and phlebitis is a retardation of the venous 
blood flow. This stagnation of the circulation is due chieSy to two 
factors ; lessening of the excursions of the diaphragm, thus diminishing 
the negative intrathoraeic pressure-, and lack of muscular contractions 
and tone which pump the venous blood to the right heart. Ample evi- 
dence has been presented to prove that the incidence of these post- 
operative complications can be greatly lessened by means of muscular 
exercises which accelerate the circulation.^'* ^Vilson® and Pool® advo- 
cated flexing and moving the extremities. Payr attached a roller at the 
foot of the bed on which the patient made walking movements. Gamble 
uses a device consisting of two bicycle pedals mounted on a broad base 
for exercising the lower limbs by pedaling and de Takats and Jesser have 
recently recommended a similar apparatus. lYe have devised an in- 
expensive device using the same principle. It consists of a frame which 
loops over the end of a bed and pedals which are mounted on a support 
extended from the frame (Fig. 1). The instrument is easily portable 
by using the coaster on its base (Fig. 2); there is no possibility of the 
apparatus slipping aud suddenly throwing an unexpected strain on 
the patient; the heel plates attached to the pedals give support to the 
legs so that there is no tension on the abdominal muscles, thxis protecting 
fresh abdominal wounds and maintaining muscular strength. Patients 
Avho have had previous surgeiy verify this. 

Experience has shown that it is advisable to have a nurse or ordei-ly 
present while the patient is exercising. For this reason, a foot brace 
is used to hold the frame firmly against the bed, instead of applying a 
brace to attach the base to the bed (Figs. 1 and 3). This also simplifies 
the removal of the apparatus from the bed. To prevent scratching the 
beds, the inner side of the frame is lined with sponge rubber. Increased 
resistance to muscular effort is made possible by tightening the holts 
at the top of the uprights. Jlore resistance should he added as the 
patient progre.s.se.s. All of our postoperative patients, except infants, 
have used this routinely, and there have been no complaints of pain! 
faliuuc, or discomfort from its use. Not only is the stagnation of blood 
overcome, hut the patient is aided psychologically hv giving him .some- 
thing to do to aid in his recovery. The exercises arc giveirtliree times 

beginning the fii-st post oi)cra five day. 

Uwlvtil for piibllcatlon. Sept. 2t. 1910. 



F'ff- 1- F)g. 2. 

Fig. 1.— Appaiatua m place o\oi' end of bed. Orderly’s foot on foot brace, giving 
Him stabilization. Note tlie lioei plates attached to the pedals which give the feet sup- 
poit allowing relaxation of the abdominal muscles. 

Wis. 2 . — ITethod of traiispoiting the appaiatus from bod to bed. Its weight is ap- 
proximately 12 pounds. 



COGSWELL AND THOJIAS : POSTOPERATIVE CIRCULATORY STAGNATIOX 325 


Mr. Ely Wright, engineer at the Southern Pacific Sanatorium, de- 
signed and constructed the apparatus under our direction and deserves 
credit for most of the innovations used. 

The equipment used in the construction of this apparatus cost $3.50. 
The uprights holding the pedals are automobile connecting rods. Simi- 
lar apparatus may be constructed by using the accompanying illustra- 
tions as a model. 
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CATGUT AND COLLAGEN 

IIaks Periz, M.D., Lecturer on Surgicau Pathology, University of 

AilSTERDAJI, AaISTERDAJI, HOLLAND 

NTAGEOTTE^ has shown tliat tendon reduced to a collagenous sub- 
stance by fixation with alcohol or formalin does not behave like a 
foieign body when implanted into living' tissues. Without phagocytic 
leaction it remains and becomes a part of the connective tissue of the 
host, subsequently being entered b3'' fibroblasts and becoming a living 
part of the organism. The implant may be used to replace or repair 
fascia, tendons, or other tissues. The species specificity of this material 
is lost by fixation and it, therefore, nia.v be used as a heteroplastic im- 
plant. 

The significance of this phenomenon of Nageotte can hardly be over- 
estimated, for it offers a new simple source of nonspecific material for 
plastic surgerj'^ or for use as tampons or ligatures. The use of this 
material for sutures may revolutionize surgical suture technique. 

In the recent past ligatui'e materials have been discussed too little. 
One would judge from the present teaching of general surgery that our 
suture materials leave nothing to be desired, particularly with the intro- 
duction of modern catgut. Our texts mention only two fundamentally 
different kinds of suture material : the absorbable and the nonabsorbable. 
Nonabsorbable sutures, such as silk and metal, are easily sterilized and 
handled, but in the organism they act as foreign bodies and sometimes 
interfere with wound healing. Absorbable sutures, on the other hand, 
have caused trouble in the past because of difficulties in sterilization. 
Catgut, the commonest absorbable suture, is derived from the intestine 
of cattle, where the most resistant pathogenic bacteria are to be found. 
Nonresistance to boiling, therefore, has made sterilization the chief 
problem in the use of catgut, a problem which now has been largely over- 
come, so that catgut, which was used only in unsterile procedures twenty 
jmars ago, is now so generally satisfactory in surgical practice that its 
shortcomings have been greatly overlooked. 

It has been shown that catgut strands in the tissues are quickly in- 
vaded by leucocytes and a serous exudate, which so quickly cause swell- 
in" and loss of tensile strength in the sutures that they become un- 
reliable within a few days. Such considerations have caused many 
suro-eons to reinforce gastrointestinal suture lines with silk and to lack- 
faith in catgut for herniorrhaphies and plastic procedures. 

It was in herniorrhaphies and plastic procedures, as far as I know, 
that connective tissue from fascial bands, kangaroo tendons, etc., was 
first used as suture material. In using these suture materials, which 

"^eTeived for publication, Nov. 30. 1340. 
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must be considered as autoplastic or lietevoplastie transplants, atten- 
tion was drawn to the nearly forgotten fact that, in the last analysis, 
the problem of all sutures is one of implantation. The question of the 
suitability of such material, therefoi'e, cannot be answered by the sur- 
geon alone, for at operation he tests only tensile strength, tying ease, 
etc. It is seldom realized that extensive experimental work is required 
to determine the effect of the tissues and the passage of time on the 
implant. 

While the absorbability of catgut is generally recognized, few of us 
appi-eciate how long a time or what conditions are required. We know 
that catgut loosens in fourteen days and a.ssnme that this is also the time 
required for absorption. Von Haefen- has recently called attention to 
the slow and irregular rate of absorption of catgut and I have found seg- 
ments of catgut scarcely changed in I’abbit livers after 216 daj's. Simi- 
lar experiments have shown the impossibility of prediction of catgut 
absorption rates. Various factors affect the rate of absorption, such as 
the brand of catgut, probably owing to the chemicals used in preparation 
(chromic acid, iodine, formalin, etc.). The vascularity of the tissue and 
the degree of tissue damage by the suture also play a role, and necrosis, 
due to pi’essure or to the chemicals in the suture, may prevent absorp- 
tion altogthei-. In general, all catgut is difficult to find in most tissues 
after three months or in the peritoneum after six to ten weeks. 

Absoi'ption of catgut seems to depend largely on imbibition of serous 
fluid by the sutiire material. Leucocytic invasion also occurs and ab- 
sorption is effected by digestion and phagocytosis. In case the imbibition 
of fluid is slight, leucocytic action is limited to the periphery of the 
strands and absorption proceeds much more slowly. Catgut has an 
affinity for leucocytes by means of which most sti'ands are converted 
within a few weeks into tubular or band-.shaped abscesses. Whether this 
affinity for lem-ocytes is a property of catgut itself or the result of the 
processes by which it is manufactured commercially from the smooth 
muscle of the gut, I cannot say. In comparative studies iodine-impreg- 
nated strands showed a greater affinity for leucocytes than American 
manufactured chromic catgut. This quality of catgut causes edema as 
well as leucocytic infiltration in the tis.sue immediately surroimdino' the 
sutures. The assumption that catgut, being an organic substance, Ts ac- 
cepted by the tissues without important reaction is therefore entirely 
wrong. 


The irritation of the surrounding tissues by catgut appears to be 
greater than tliat caused by nonab.sorbable sutures, such as silk. If the 
claim is made in advertising literature of a modern catgut preparation 
iHraun) that ab.sori)tiun occurs without reaction, we must consider it a 
,„ntra,Utu> ,n ,uljccto. “Healing in” is the reverse of absorption and 
ahsoriuion is the result of the reaction by the tissues; therefore, the re- 
sult ot tlic irritation of thc.se tissues, which cannot proceed “without re 
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^iF* ?“T“^®i* 1 abdominal wall of a rabbit, 107 days after implantation 

Peripheral absorption by leucocytes which can be seen invading the frayed material. 
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„ 1 pnt-ut in the liver of a rabbit, 21C days after implantation. Tiio 

FiS. the most part unabsorbed. They are surrounded by a layer of leu- 

sutures are foi Oie mos connective tissue. A precipitate of calcium salts (dark 
cocytes and a thiCKer u periphery of the sutures in some piaces. 
colored) may oe seen u 
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action.” Catgut, as it is used today, is not a material acceptable by the 
tissues without reaction but is really a foreign body. The fact that it 
is not extruded ordinarily, but is destroyed or encapsulated, does not 
alter the case. These findings discredit one of the principal arguments 
for catgut and it, therefore, becomes necessary to seek other suture 
materials homogeneous with the tissues. 

Three years ago Van Os and Michael* described a ne%y process by 
means of which threads w'ere obtained from connective tissue; viz., the 
suture material brocafil. In the course of my experiments with this 
substance, and as a result of the technical and histological data obtained 



Fjs. 3. — No. 1 catgut in the liver of a rabbit, 20fi days after implantation. Tlie 
sutures are for the most part unabsorbed. They are surrounded by a lavcr of leu- 
cocytes and a thicker one of connective tissue. A precipitate of calcium salts (dark 
colored) may bo seen on the periphery of the sutures in some places. 

liom Van Os and ^Michael, the manufacturing process has been modified 
repeatedly. The eonehisions mentioned in the present paper relate to a 
suture material which is not identical with that originaUy described bv 
these authors, and for this reason some of my findings may differ from 
theirs. 

The raw material for the new suture is tendon from slaughtered cattle, 
which can be obtained with less contamination than intestinal wall. The 
proce.ss itself destroys the few baeteria present, for the tendons are 
treated with acid, forming a viscous solution of pure collagen. This 
solution is spouted in ribbon form into an alkaline solution and the pre- 
cipitated .strands are drud and .spun into threads. The breadth of the 
ribbons may be varied as desired from 2 to 25 mm. and the thickness 
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Fig-. -I.— Collagen sutuie 
after impUnuuon. There 
collagen is unabsorbed. 


(No. 
IS a 


0 brocafll) on 
well-developed 


the surface of the liver, 107 days 
coat of connective tissue and the 





c Same as Fig •< with higher magnlflcatfon. The connective tissue envelope 

4mvn‘with peripheral connecthe t ssuelike organization of the collagen substance. 
Fibroblasts have entered the strand through gaps in the collagen. 
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from 0.01 to 0.035 mm. Being satisfied with catgut at the time of the 
appearance of hrocafil, at first I paid little attentwn to this new ma- 
terial, particularly since the first samples were brittle and difficult to 
handle, a fault which has now been corrected. Howe^•nr I became in- 
terested in it for use as an absorbable tampon, an objectn-e fii-st sug- 
gested to me by the late Professor Lanz. In this connection a method 
;-as found to make a slightly denatured organic substance into tissues 
and membranes.^ Later studies on coUagen threads (hrocafil showed 
that the conclusions reached with tampons and membranes could imt be 
applied unreseiwedly to sutures, as they po.ssess somewhat difterent 
physical properties. In the past three years various collagen threads 
have been systematically studied.' 



I. 1 „ e n-irt of a No 1 brocatll on the liver surface. IS days after implan- 

t ition BeKlnuinB reoccupation of the collagen substance by connective tissue cells i.s 
siiouai There is a slight diRc.stion of the collagen on the surface and a giant cell 
in.i> be seen 


The first coUu'ieii siiture.s proved brittle, breaking easily when knotted, 
and had an iusiiffieieiit tensile strength, wliieh diminished even more 
im contact with tissue fluids. Tlie.se difficulties, liowever. were overcome 
hv altering the process of manufacture. 

The unexpected findings on iiiicro.scnpie examination of brocafil 
sutures previously placed in animal tissues were more disturbing. While 

•I t«» arknowUtljs't* tlu* m*rous a>^kstancp fcivon rju* by Proft'-'-or Klarenbtek, 

t'trooht. .intl Prof»'s>or HerJnff.i. of whih' I uas in thi‘ir I'lboratoric.'*. 

Ht'rlnua*'* atUlo*. baM‘»J on his con'«iilvrabK* knowledge of col!aKvn-<, wait in- 
Miluublo Th«* in itorJal uas pro\WtNl by MoiJs.rs's. X. V Kon. Pharniac‘‘Uti*clK* 
KabrU k' n. \ b Proc.itb'.H-StJu*eman & Pharmacia, Mcppcl. Holland 3t wa." uith tlKdr 
cnop<'r;itiun tlurinj; lhc*e cxpcrlmcnU Hint this invest Jifatlon vvaB succe.'-sfuUy con- 
cluded. 
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it had been hoped that this -would be an ideal absorbable suture mate- 
rial, it was found quite or nearly unchanged months after implantation, 
and at first even seemed to have a pronounced affinity for calcium salts. 
Modification of tlie preparation has failed to produce an absorbable 
suture. 

Failure of absorption, although it has at first seemed a drawback, 
proved to be advantageous, for tlie collagen thread proved to be a ma- 
terial homogeneous with the tissues, which is accepted by the body al- 
most without foreign body reaction. From the outset the extraordinary 
slightness of the reaction liad been impressive and it beeame evident 
that this was the cause of failiu’e of absorption of the sutures. As a 



p.g-. 7. — No. 0 brocafll m the liver, 107 days after implantation Organization of 
the collag-en material by young- connective tissue is shown. Small foci of leucocytes 
on the periphery of the suture may be seen 


rule the tissues neither extrude nor destroy the collagen material, but 

rather an affinity between the collagen and the connective tissue cells 

of the neighborhood of the suture is manifest. Fibroblasts enter the 

clefts of the suture so that a condition develops which Nageotte calls “fa 

rehabitation des greffes mortes,” the connective tissues inhabiting, as 

it were, the dead substance of the implant. The more numerous the 

clefts in the sutures, the more marked is this invasion of fibroblasts. 

The threads which have been tightly twisted to increase tensile strength 

offer little opportunity for penetration by connective tissue cells and 

n more or less unchanged for a long time and can be differentiated 

ftTm'hvaline connective tissue bands only by their spiral and concen- 

^ ^ „ minis a kind of organmation of the periphery gradually 

trie structure, tims, a aim-i 


nocnrs. 
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Fig. 8 — Xo 000 brocafll suture in the abdominal wall. t2 da>s after implantation 
There is rather marked reoocupation by connective tissue cells ("rdJiaiitatwn"). The 
suture IS surrounded bj a border of granulation tissue with some giant cells 




334 


SURGERY 


At some points a very slight destruction of the collagen by mes- 
enchymal giant cells and leucocytes may be observed and is immediately 
followed by the formation of young connective tissue. This organiza- 
tion with destruction of the implanted collagen is fundamentally differ- 
ent from the primary “ rehaiitation” of the implant by connective 
tissue cells, described above, for in the latter case the implant is accepted 
as part of the tissue. The presence of leucocytes about the collagen 
threads depends on secondary factors, such as wound infection, and ii.se 
in the wound of iodine or other substances possessing an afSnity for 
lencoeytes. The greater the number of leucocytes, the gi’eater will be 
the digestion and absorption of the implant. 

The nature of the surface affects the fate of collagen implanted in 
the tissues. Thus, the smooth suture material, which offers little oppor- 
tunity for invasion by tissue elements, resists destruction and organizing 
processes predominate. On the other hand, the rough collagen surface 
of tampons, for example, tends to imbibe serous fluid freely and be 
destroyed and absorbed. We, therefore, observe the remarkable fact 
that two implants consisting of the same material undergo entirely dif- 
ferent fates, depending on tlieir physical properties. The same is true 
of collagen membranes, for smooth parchmentlike membranes resist ab- 
sorption and may be found almost unchanged after one and one-half 
years, when they resemble hyaline fascia, while the rough membranes, 
resembling tissue paper, are quickly invaded, partly destroyed, and 
partly organized. 

Both kinds of collagen material are .suitable for surgical use. Collagen 
sxiture, which is siifficieutl.y developed for general use, cannot be likened 
to either silk or catgut but forms a new, third type of not entirely 
absorbable material which is nevertheless accepted by the tissues and 
converted to fibrous tissue strands. It jnay be used in hernioplasties, 
plastic procedures, and wherever perjnanejice of the suture material is 
an advantage instead of a drawback. 

In abdominal surgery collagen sutures are to be avoided, at least for 
the present, because here the strands, with their affinity for connective 
tissue cells, may give rise to neoplasms, an end result repeatedly ob- 
served in animals. Nevertheless, for muscle and fascial suture it 
possesses definite advantages over catgut, for catgut causes damage 
to these tissues and the growth of an abnormal sear tissue secondary to 
the serous and leucocytic infiltration it stimulates. Collagen suture.s, on 
the other hand, are assimilated by the tissues and become a part of them 
by invasion by connective tissue cells, thus adding strength to the 
tissue The introduction of collagen suture suggests the ideal of a 
s leetive specific ligature method. It would certainly be a definite im- 
nrlvemeut in surgical technique if for every tissue we could use tl,e 
^ St nearly identical suture material: bowel wall substance (catgut) 

bowel wall and connective tissue substance (broeafil) for connective 



FERIZ: CATGUT AXD COLLAGEN 


335 


tissue. There is therefore every reason to accept the new collagen suture 
material along with catgut and silk. 

To be .sure, surgeons will have to become acquainted with this new 
material. In contrast to catgut it must be used dry, but, after some 
practice, it offers no more ditSculties than other threads. It is adequate 
iu tensile strength and security of knots, although the ends should be 
left as long as when catgut is used. In some respects sutirre technique 
will need to be adapted to the new suture material ; where extra strength 
of the sutured tissue is required, as in heruioplasties, tendon repairs, 
atid certain plastic procedures, collagen threads should not be used 
sparingly, but rather freely. Heretofore the rule has been to leave as 
little “alien” suture material in the tissues as possible, but now the 
eoapted connective tissue will be best strengthened by a liberal use of 
collagen, tissue-forming threads. Catgut weakens connective tissue in 
the neighborhood of the suture, but collagen, applied so as to avoid 
tension necrosis, adds strength. These geiteral rules may sulSce, but 
the technique of collagen suture must be left to the surgeon in special 
cases. 

SUMMARY 

Little is known about the absorption of catgut. It has been shown to 
be very variable, in one instance being present 216 days after implanta- 
tion in the liver of a rabbit. Catgut behaves as a foreign body in the 
tissues ; although it is not extruded, it is either destroyed by a leueoeytie 
reaction or encapsulated and impregnated U’ith calcium slats. Catgut, 
therefore, does not “heal into” the ti.s.sues but is absorbed as a result of 
a local inflammatory i-caction. 

Brocafil, or collagen thread, on the other lumd, is but slightly absorbed 
and primarily assimilated. This a.ssimilation is; 

1. Primarily an invasion of the suture by fibroblasts (“rebabita- 
lion"). 

2. Becoiidarily, a building of collagen connective tissue strands from 
the suture material. 

Histologic studies indicate that the assimilation of brocafil, which 
occurs without inflammatory reaction, is preferable to absorption, which 
necessarily involves iutlammation. Collagen suture is especially suitable 
for muscle and fascia apposition, heruioplasties, and plastic procedures. 
In the future more specific sutiu’es will be possible, bowel wall sub- 
stance (catgut) for bowel wall and connective ti.ssue .substance (brocafil) 
for connective tissue. 
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Recent Advances in Surgery 

Conducted by Adfbed Blalock, M.D. 


A REVIEW OF THE PATHOGENESIS AND SURGICAL 
TREATMENT OP THYROID DISEASE 

Bentley P. Colcock, M.D., Boston, Mass. 

(From the DeparUnmt of Surgery, the Lahey Clinic) 

TT^ITHIN the past year the twezity thousandth thyroid operation was 
performed at the Lahey Clinic. It may he of interest in the light of 
this experience to review some of the more important clinical aspects of 
diseases of the tliyroid gland as Avell as to present some of the recent de- 
velopments relating to the pathogenesis of these conditions. 

PATHOGENESIS 

The literature on the etiology and pathogenesis of thyroid disease is 
vohiminous. An excellent review of the literature dealing with this 
phase of the subject was made in 1937 by Mahorner.’^ Since that time 
large numbers of articles have appeared dealing with the etiology of 
thyroid diseases, and these will be reviewed. Certain lines of investiga- 
tion that were promising a few years ago have failed to live up to e.x- 
pectations ; other work has been disproved by more recent investigators, 
and other so-called facts remain the center of considerable controversy. 

The work of Marine,^ Kimball,® and others, which indicates that 
endemic or simple goiter is a deficiency disease due to a lack of iodine 
in our food and drink, is supported by Eggenberger 's'* careful study 
of endemic goiter in the county of Vand. Switzerland. He found that 
the goitrous counties north of Lake Geneva were not grouped geo- 
graphically but according to the political boundaries of the county of 
Vaud. He found that fi'om 1875 to 1891 the incidence of goiter was 
much less in the county of Vaud which used a salt containing iodine, 
than in the adjacent county of Friboux’g which used an iodine-free salt. 
At the beginning of this century the former county which obtained if.s 
salt from its own salt mine in Bex began to refine its salt. jVs the .salt 
beman to contain less and less iodine, the incidence of goiter in Vaud 
increased. In 1924: iodine was added to the salt in the proportion of 
5 nm of sodium iodide to 1 kg. of cooking salt. At that time goiter was 
” t in 71 population, and in 1937, thirteen years 

rr^^this fi^nre had dropped to 21 per cent. The greatest decrease was 
^ L ’ d in the nodular enlargements, not one of which ivas to he observed 
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in the school children in 1937. In Appenzell an iodized salt (10 mg. to 
1,000 Gm. of cooking salt) was introduced in February, 1922. Here the 
best and most rapid results were noticed in the newborn. Owing to the 
use of iodized salt by the prospective mothers from the beginning of 
pregnancy (2,000 cases), no babies were born vrith goiter. Before this 
prophylactic measure was instituted, about 50 per cent of newborn 
babies in this district showed thyi-oid enlargement. Goiter dui’ing 
puberty did not appear in children rvho used iodized salt from the time 
of birth. The symptoms of cretinism also decreased in this same region. 
In army recruits the general growth was found to be mixch greater. 
The average height increased from 162 to 16S cm., and the chest ex- 
pansion from 8-i to 87 cm. between 1924 and 1938. According to 
KoUer,® feeble mindedness and cretinism in children decreased from 
1922 to 1937, as well as deafness and deaf mutism. 

Eggenberger^ also states that toxic adenoma Avas observed only in pa- 
tients who did not use iodized salt regularlj-, and that the incidence of 
carcinoma of the thjwoid gland seemed to increase at first, but after five 
yeai’s shoAved a remarkable decrease. That iodine deficiency may not be 
the only factor involved is indicated bj' the Avork of other obserA’ers. 
Lang® holds to the radioactivity theory and states that all other goiter 
theories lack consistency. He found that the disintegration of the upper- 
most strata of the soil produces radioactivity and that there is a definite 
parallelism betAveen the intensity of emanation production and the in- 
cidence of endemic goiter and cretinism. Scott' feels that the element 
arsenic is probably a factor directly or indirectly concerned in the 
etiology of goiter, cretinism, and endemic deaf mutism, Wahlberg,® 
from a study of a map of goiter incidence in Finland drawn on the basis 
of medical examinations of conseript.s, found that it coincided with a 
ioAv iodine and high calcium content in the soil Avitliin the goiter area, 
lie felt, liowever, that this did not prove a causal significance for either 
of these factors, but rather that the relatively rich occurrence of iodine 
outside this endemic area miglit ha\c an inhibitory effect .lust as tlie rich 
deposits of calcium within it may have an aggra\mting influence on 
the disposition to goiter. 

When we come to consider the etiology of hyperthyroidism, we find a 
picture that is even further from completion, in spite of the tremendous 
amount of work tliat has been done upon it. Out of this mass of CA'idence 
tAvo facts seem fairly Avell established as being concerned in the produc- 
tion of hyperthyroidism. One factor, Avhich Elmer® calls the external 
factor, is the hyperfunction of the anterior lobe of the pituitary gland. 
The other, or internal factor, is the insufficienev of the tliATokr^and 
itself whereby it loses its ability to retain its elaborated hormmie 
thyroxine. ’ 

Collip"- feels tliat tlie anterior pituitary has a twofold action on the 
lliyroid, one which iniluences the secretion of the tliyroid hormone and 
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the other \vhieli changes the morphology and siae of the gland. Evidence 
has been introdticed to show that these two normal mfiueiiees can be 
separated from eacli other. It has long been known that the injection 
ot anterior tiituitary thyrotropic hormone in guinea pigs and dogs will 
temporarily raise the metaholic rate and give rise to the signs and symp- 
toms of thyrotoxicosis. Thompson and his associates'^ found that pa- 
tients with normal levels of metaboli.sm could he made temporarily 
tliyioto-xic and that in patients with toxic goiter the thyrotoxicosis could 
he made temporarily more severe. In six patients in whom this her- 
mone was given for long periods, the iiasal metabolic rate, after an 
initial increase, dropped to a loiver level than it had been initially, 
and was associated with a marked improvement in tiie patient. They 
feel, however, that at the present time the thyrotropic hormone does not 
have much value from the standpoint of routine therapy, 

Elmer'' succeeded in inducing experimentally a maintained hyper- 
tliyroidism in dogs and guinea pigs by injecting the thyrotropic hormone 
in increasingly larger doses. These dogs were characterized by a con- 
stantly elevated metabolism, a loss of weight despite an increased appe- 
tite, hyperiodinism, hypoeholestei’olemia, lieart muscle damage, ami 
}ustologicaII.y hyperfunctioning glands, seriously depleted of iodine. 
The anterior lobe of the pituitary in these dogs was almost completel.v 
deprived of acidophilic cells, which suggested to him that these cells 
were responsible for tlie production of thyrotropic hownone and that 
this appearance was due to the atrophy of disuse. He emphasized that 
the extensive liver damage constantly found in these experimental 
animals may pj'ove to play a veiw important part in the pathogenesis of 
tliyrotoxicosis. As, he expressed it, the excessive production of the 
thyroid hormone by the thyroid gland and the slowing up of the de- 
struction of the hormone by the liver result in an accumulation of the 
thyroid hormone in the body, with symptoms of thyroto.xicosis. He found 
no recent evidence to support the theory that hyperthyroidism is duo to 
a disturbance in an equilibrium of thjn-oxine and antithyroid hormone, 
in which the thyroid hormone becomes predominant. 

In this connection, Collip'- states that it lias been impossible np to 
the present time to produce inactivation, in human patients, of thyro- 
tropic hormone, with any antihormone pi'eparcd so far. The anti- 
hormones that have been prepared which are able to neutralize human 
thyrotropic hormone are not suitable to give to human patients. 

Elmer finds no recent evidence to support the theory of the scerotiou 
of an altered thyroid hormone as being responsible for thyroto.xico.si.s. 

He feels that the" part played by the midbrahi is limited, that the gonads, 
rtieularly the ovaries, exert their effect through the pituitary, and 
reiects the hypothesis of a primary insufficiency of flie adrenal cortex. 
rvin States that the functional and morphologic characteristics of the 
d ^ j (jrtex are dependent upon the secretory action of the anterior 
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to the action of the anterior hypoplnse _ J „,,mnatheetomy in rah- 
and co-,vo..l,e.-s- foand ‘'‘f, 

Intsaamada deeiPKiem me ^^^ 

tion ot cervical sjmpa thyrotropic hormone acts 

basal metabolic ra e. i interinediarv has also been demon- 

directly on the thyroid mtl o contain- 

strated by Eitel and ^ jog thyroid increased the con- 
ing this factor when a e J j ‘ j histologic changes 

sumption of oxygen by the thviom ns.sue 

similar to those usually seen in vivo. 

blood iodine 

A considerable amount of work has been done within the few 
i i/anz-i incline determinations in hi'perthyroidism. This 
work harbeen found to have certain clinical applications. It is gen- 
erally agreed that clinical liyperthyroidism is associated with the release 
eiau> a^itt. thyroid, and many observer 

of abnovma ^ negative iodine balance which exists in this 

^ai^r BrrXid -dy'of patients in 1936, Pmlci^ Lahey, and 
cm e P^ found tlie iodine level of the blood elevated in lO per cent ot 
ti c cases of clinical hypcrtliyroklLsm and normal in the remaining 30 
cr cent Perkin and Lalic.V^ have .since correlated the blood iodine 
.V..! with the duration of .symptoms in 305 cases of primary hyper- 
thyroidism ill which trcatmciif had not been given. They found that 
the iodine level of the blood is elevated in the majority (S6 per cent) 
orensos of hyperthyroidism in wliieli the .symptoms have been present 
t'o/'tom one to nine iiiontli.s. The iodine level tended to fall within the 
normal range wiieii tlie .syndrome of clinical hyperthyroidism had been 
•sent forgone year or longer. They point out that since in many ease.s 
[he sviulrome of clinical hyperthyroidi.sm cannot be attributed .solely to 
hvpeisei-retion of iodine-containing products from the tliyroid gland, 
other faetors mu.st lie eonsidereil in the pafhogene.si.s of the disease. 

Perkin and (‘attelp-’- =" carried this further in a study based on 256 
cases of exoplithalmie goiter and involving 833 blood iodine determina- 
tions. They divided tlieir patients into three groups. In Group I they 
placed the 170 patients with an elevation of blood iodine before operation 
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the other whicli changes the morphology and size of the gland. Evidence 
has been introduced to sliow that these two normal influences can be 
separated from eacli otlier. It has long been known that the injection 
of anterior pituitary thyrotropic hormone in guinea pigs and dogs will 
temporarily raise the metabolic rate and give rise to the signs and symp- 
toms of thyrotoxicosis. Thompson and his associates" found that pa- 
tients with normal levels of metabolism could be made temporarily 
thyrotoxic and that in patients with toxic goiter tlie thyrotoxicosis could 
be made temporarily more severe. In six patients in whom this hor- 
mone was given for long periods, the basal metabolic rate, after an 
initial increase, dropped to a lower level than it had been initially, 
and was associated with a marked improvement in the patient. They 
feel, however, that at the present time the thyrotropic hormone does not 
have mnch value from the standpoint of routine therapy. 

Elmer® succeeded in inducing experimentally a maintained hj'per- 
tliyroidism in dogs and guinea pigs by injecting tlie th.rrotropic hormone 
in increasingly larger doses. These dogs were characterized bj' a con- 
stantly elevated metabolism, a loss of weight despite an increased appe- 
tite, hyperiodinism, hj^pocholesterolemia, heart muscle damage, and 
histologically hyperfunctioning glands, seriously depleted of iodine. 
The anterior lobe of the pituitary in these clogs was almost completely 
deprived of aeidopliilic cells, wliieh suggested to him that these cells 
were responsible for the production of tlywotropic hormone and that 
this appearance was due to the atrophy of disuse. He emphasized that 
the extensive liver damage constantly found in these experimental 
animals may prove to play a very important part in the pathogenesis of 
thyrotoxicosis. As he expressed it, the excessive production of the 
thyroid hormone by the thyroid gland and the slowing up of the de- 
struction of the hormone by the liver result in an accumulation of tlic 
thyroid hormone in the body, with symptoms of thyrotoxicosis. He found 
no recent evidence to support the theory that hypertliyroidism is due to 
a disturbance in an equilibrium of thyroxine and antithyroid hormone, 
in which the thyroid hormone becomes predominant. 

In this connection, Collip^* states that it has been impossible up to 
the present time to produce inactivation, in liiiraan patients, of thyro- 
tropic hormone, with any antihormone pi'cpared so far, Tlie anti- 
hormones that have been prepared which are able to neutralize human 
thyrotropic hormone are not suitable to give to human patients. 

Elmer finds no recent evidence to support the theory of the secretion 
f an altered thyroid hormone as being responsible for tliyrotoxicosis. 

He feels that the part played by the midbrain is limited, that the gonads, 
■fcularly the ovaries, exert their effect through the pituitary, and 
ets the hypothesis of a primary insufficiency of the adrenal cortex, 
n t tes that the functional and morphologic ciiaracteristics of the 
d ^ 1 OTtex are dependent upon the secretory action of tlie anterior 
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lowing classification, based partly on structure and function and partly 
on clinical findings, has been found for many years to be verj- satisfae- 
toiy to us in dealing with a considerable number of thyroid patients. 

I. Colloid goiter 
H. Adenomatous goiter 

A. With secondary hyperthyroidism 
nr. Primary hyperthyroidism 
IT. Adenoma 

A. With secondary hyperthyroidism 

V. Carcinoma 

VI. Thyroiditis 

A. Acute 

1, Suppurating abscess 

B. Chronic 

1, Hashimoto type 

2, Eiedel type 

3, Tuberculous 

4, Syphilitic 

VII. llj-xedema 

A. Spontaneous 

B. Postoperative 

I Colloid Goiter {Nontoxic, Diffuse, Physiologic, Adolescent) .—By 
this term we refer to a diffuse symmetrical enlargement without demon- 
strable clinical change in function. It is characterized by a simple 
hypertrophy of the gland with an increase in the size of the foUieles and 
the amount of colloid storage. HjTerplasia is not marked and de- 
generative changes are absent. It is usually seen in girls from 9 to 18 
years of age, although it is common in both sexes, and occurs at an 
earlier age” where goiter is endemic. It may occur in adults at times 
of physiologic strain, such as during pregnancy, debilitating disea.se, 
or infection. The treatment is primarily medical and consists of im- 
proving the diet and liygiene of these patients by tlie administration of 
small amounts of iodine. Obviously, these patients should not he op- 
erated upon even when tiie goiter is associated with nervousness and 
emotional instability. 

II Afhitumiitoii.'i Goiter (Diffuse, Nodular, Endemic, Colloid ). — This 
is a palpably nodular goiter, usually asymmetrical and often invohing 
the entire gland. It probably starts as a colloid goiter in which lo- 
eali/.ed areas t)f hypertrophy and hyperplasia have been followed by 
varving degrees of involution and degeneration. Thus it is charac- 
terized by fibrosi.s, cystic formation, cholesterin deposits, and even 
ealeifieation. Histologically, it may show all the cellular changes that 
e;in oemir in luiy type of goiter c.xcept the specific inflammations. It 
i,s an iuireiiuent site of carcinoma, and in this connection it is impor- 
luiU to distinguish it from the dlserete or fetal adenoma. It is also 
important to remember that the two conditions may coexist. It is com- 
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and in wliom the blood iodine fell to normal and remained normal after 
operation. Tlie course of these patients was followed for one year; it 
was found that 90 per cent were completely cured, 15 patients or 8.8 per 
cent had transitory postoperative myxedema, and only 1 patient had re- 
current hyperthyroidism. In Group II they placed the 61 patients with a 
normal preoperative blood iodine and a temporary postoperative increase 
in blood iodine. In this group 73.7 per cent were clinically cured, 3.3 
per cent had transitory myxedema, and 19.7 per cent had persistence 
or recurrence of their hyperthyroidism. In Group III they placed 
the 25 patients who had a normal preoperative blood iodine value and 
no change in the iodine level following subtotal thyroidectomy. In 
this group, 96 per cent of the patients were clinically cured and 1 
patient (4 per cent) had transitory postoperative myxedema. Since 
practically all the recurrent eases occurred in Group II and since there 
is a very low incidence of myxedema in both Groups II and III, they 
urged that a more radical thyroidectomy be done in these two groups; 
that is, in patients with a normal or low preoperative blood iodine level. 
They also point out that in long-standing cases the blood iodine level 
not only is normal but in most cases is uninfluenced by subtotal thy- 
roidectomy, and they concluded that iodine metabolism as reflected by 
the blood iodine level is a secondary factor in these cases. 

Hertz and associates,-^ in experiments with radioactive iodine, found 
evidence of a relatively high threshold for iodine uptake by the thyroid 
in hyperthyroidism. They felt that this might explain how a gland 
known to have a great afdnity for iodine, as the thyroid does in this 
disease, still does not cure itself by taking up the small quantities of 
iodine normally found in the diet, but can be definitely benefited by 
the administration of a relatively large quantity of iodine. 

It should be mentioned that several papers have appeared in the 
literature by McClendon== and others dealing with new and improved 
methods of blood iodine analysis. Many of them are excellent, but the 
apparatus still remains complicated and the technique involved. The 
work of Trevorrow==* supports that of Perkin in showing that methods 
of alcohol precipitation do not recover thyroxine in the organic iodine 
fraction ; whereas, methods of dialysis apparently do so. 


CLASSIFIC.VTION AND DIAGNOSIS 

Before proceeding with a clinical discussion of thyroid disease, one 
must define the terms that will be used in order not to add to the con- 
f ion that already exists in the literature concerning the classification 
rilivroid disease. It is doubtful if any one classification of thyroid 
r 1 non be made that will be completely satisfactory to the surgeon. 
trSternit the pathologist, and the physiologist. At present, the fob 
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It is obviously impossible to describe in detail the diagnosis and treat- 
ment of all these thjmoid entities in the liinited space available. The 
remainder of this paper will be limited to a discussion of those aspects of 
thyroid disease which are of particular interest to the surgeon. 

ADENOilA AND ADENOM.VTOUS GOITER 

It has been pointed out that the surgical problems associated with 
adenomatous goiter and the discrete adenoma resolve themselves into 
three main categories : first, the extrication of large adenomatous masses, 
frequentlj^ intrathoracic; second, the association of fetal adenoma and 
malignant degeneration ; and third, the frequent association of secondary 
hyperthyroidism. 

I. Intrathoracic Goiter. — Inti’athoraeie goitei's are either outgrowths 
of adenomatous tissue from the lower poles of tlie thjToid gland or ex- 
trusions of true adenomas from tlie lower poles of the thyroid into the 
mediastinum. The attachment of the thyroid muscles to the sternum, 
and overlying the thyroid gland, sen'es to guide extruding adenomas into 
the superior mediastinum. These adenomatous masses, once lodged in 
the superior mediastinum, can increase in diameter only by descent, since 
the anteroposterior outline of the chest tapers inward from below up- 
ward. Over a period of years they may extend almost to the diaphragm. 
Before this occurs, liowever, they usually give rise to sufficient sjnnptoms 
to force the patient to seek medical advice. The most important sjunp- 
tom is, of course, interference with breathing due to pressure on the 
trachea. Most intrathoracic goiters deviate the trachea laterally as the 
adenomatous mass tends to topple to one side or tlie other of the ridge- 
like trachea. On the other hand, adenomas arising particularly in the 
istlimus not infrequently descend behind the sternum so as to cause 
niarked anteroposterior pressure on the trachea. For this reason all 
patients with an adenoma or adenomatous goiter, the lower border of 
which descends beliind the sternum, should liave lateral as well as antero- 
posterior roentgenograms of the trachea before operation. In many 
patients with intrathoracic goiter.s, the narrowing of the trachea with 
consequent increase in the interference with breathing can frequently 
be aggrai-ated by flexion of the head, such as turning the head to the 
left when an intrathoracic mass on the left side has already stretched the 
trachea far to the right. In addition to tracheal pre.s.sure, the intra- 
thoraeic goiter will frequently produce a considerable amount of venous 
ob.strueliou by pre.ssure on the internal jugular veins. This may be 
manifested by the compensatory dilatation of the .superficial thoracic 
veins, and occasionally when both internal jugular veins are compressed, 
by a “piittylike” edema of the face. 

The dangers a.s.soeiated with the removal of intrathoracic goiters are 
a.ssociated with two fundamental problems: first, the maintenance of an 
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mon in regions where goiter is endemic. It is probably preventable by 
the administration of iodine, but after its development it is unaffected by 
medical treatment. The condition becomes surgical because o£ size, 
with pressure on the tracJiea and surrounding structures, because of 
its tendency to assume a substernal or intrathoraeie position, because of 
tlie imssibilit}^ of malignancy, and finally, because of superimposed 
hyperthyroidism. The last usually occurs some years after the develop- 
ment of adenomatous goiter. In this elinie the ratio of adenomatous 
goiter to adenomatous goiter with secondary hj^perthyroidism is three to 
two. The actual difference is probably much greater since many in- 
dividuals in the nontoxic group, being asymptomatic, do not seek medical 
advice. 

III. Primary Hyperthyroidism (Toxic Diffuse Goiter, Exophthalmic 
Goiter, Graves’ Disease, Basedow’s Disease). — This type of thyi’oid 
disease, familiar to all, has made up approximately 50 per cent of the 
more than 20,000 thyroid operations performed in this clinic and forms 
the most important group, from a surgical standpoint, of all thju’oid dis- 
ease. 

ly. Adenoma (Discrete, Fetal). — This is a discrete tumor separated 
from the rest of the gland bj’’ a definite fibroids capsule. It is probable 
that most of these tumors are of fetal origin, and the microscopic appear- 
ance may vary from the earliest fetal type of structure (cord and sheets 
of cells ■without follicle formation) to the most adult type of structure. 
Likewise, any degree of cellular change may be present, including hyper- 
plasia, the various stages of degeneration, and malignancy. Because of 
the danger of malignant degeneration we feel very strongly that any 
adenoma, irrespective of size and irrespective of the age of the patient, 
should be removed. 

V. Carcinoma. — These cases have been further subdivided for pur- 
poses of prognosis and treatment. Their management is a combined 
radiologic and surgical problem. 

VI. Thyroiditis. — Acute th 3 a-oiditis is uncommon and is usually pre- 
ceded by an upper respiratory infection. The gland is slightly en- 
larged, tender, firm, and may be associated with fever. It is usually ac- 
companied b}'' a sense of constriction in the neck, and pain on swallow- 
ing. Respiratory obstruction is uncommon. It usually subsides on con- 
servative medical means, and only when abscess formation occurs is 
surgical treatment indicated. 

Chronic thja-oiditis is more common than and clinically must be 
differentiated from carcinoma. It may give rise to respiratory difficulty 
from tracheal constriction and it may be associated with hypothyroidism. 

VII. Spontaneous or idiopathic myxedema is uncommon. Postopera- 
tii-e'my-xedema or hypothyroidism occurs in approximately 4 per cent 
of all patients submitted to subtotal tlijToidectom.v. The treatment of 
both is, of course, medical. 
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weeks or more, many of these patients will return with an aeciimiilation 
of fluid in their mediastinal cavity. 

It should be borne in mind that many of these intrathoracic goiters, 
with all their residting problems, should never occur. If, as Lahey and 
others have repeatedlj’^ pohited out, every patient who has a goiter were 
examined once or twice a }’^ear, it could readily be determined whether 
an adenoma occupying the lower lobe of the thyroid was becoming 
intrathoracic, and its removal could be advised. 

II. Carcinoma of the Thyroid . — As emphasized bj' Lahey, Hare, and 
Warren,^^ the logical approach toward decreasing the number of patients 
who lose their lives from malignancy arising in any given organ is, 
above anj^ other consideration, concerned Avith the removal of pre- 
malignant lesions in that organ when such states are knoivn to exist. 
The close association of adenomatous goiter and discrete adenoma Avith 
carcinoma of the th 3 n'oid is indicated in their studj' of 18,500 thyroid 
operations at the Lahej’’ Clinic in AA'hich the.A' found that SO to 90 per 
cent of malignant tumors of the tlij-roid gland developed in pre-existing 
adenomas, usuallj" in glands in Avhieh a single adenoma was present. 
In 10 per cent of all patients Avith a preoperative diagnosis of discrete 
adenomas and in 5 per cent of those AAutli a preoperative diagnosis of 
adenomatous goiter, malignant d^eneration Avas present at the time of 
operation. Brenizer and McKnight,-® in a stud.v of 84 cases of carcinoma 
of the th 3 woid, concluded that SO per cent of all cases arise in pre- 
existing adenomas and that the incidence of cancer in true adenomas 
is about 8 per cent. Graham,-' Crile,-® and others feel that at least SO 
per cent of all cancer of the thyroid arises in pre-existing adenomas. It 
has been repeatedh^ demonstrated that malignant degeneration may oc- 
cur in an adenoma 1 cm. or less in diameter. Moreover, Pemberton,®® 
Hare,®® and others have called attention to the not infrequent occurrence 
of carcinoma of the th 3 U’oid in children and 3 mung adults. From all 
their observations one eamiot emphasize too strongl 3 ^ that an 3 ' adenoma 
or an 3 " mass that simulates an adenoma in the thyroid gland should 
promptly be removed. The all too common practice of advising these 
patients to Avatch their adenomas (or eA'en to forget them), mereL' be- 
cause the patient is less than 35 v-ears of age or because the adenoma is 
small in size, should be Augoroush- condemned. 

While the most satisfaetoiy plan of surgery in the treatment of car- 
cinoma of the thyroid lies in the remoA'al of tln-roid tumors before the3- 
become malignant, it should not be assimied that once suggestiA'e evi- 
dence of malignant degeneration has occurred in an adenoma, the 
situation is hopeless. The stony hardness in one or both lobes of the 
gland is often due to thA'roiditis rather than to malignane 3 -, partieularh- 
if the symmetiy and anatomical outline of the gland ai-e preserA'ed. The 
sudden enlargement and fixation of a previously freely movable adenoma 



344 


SXJSGEBY 


adequate airway wijiie the intratlioracie mass is withdrawn from tin 
chest ; and second, the control of bleeding. 

That dramatic moment when the sargeon, having mobilized the intra- 
thoracic mass, was ready to deliver it through the narrow superior 
thoracic strait, faiowing that for a few precious seconds the patient 
would be totally obstructed and blowing that ivedging of the mass at this 
crucial period miglit spell disaster, has now largely been eliminated 
through the use of the semirigid intratracheal tube. 

This is not to implj' tliat tlie intratracheal tube has made anesthesia 
in these eases a simple matter. The introduction of the tube in a 
patient with a mai'kedly deviated and narrowed trachea may tax the 
abilities of the best anesthetist. It is usually possible, however, with 
good exposure of the larynx by direct laryngoscopy and thorough coeain- 
ization of the larynx and trachea, to insert the tube before starting the 
anesthetic, thus insuring an adequate airway from the very beginning, 
and avoiding the difficulty in getting these patients (with their narrow 
trachea) sufficientlj' anesthetized so that intubation can be done under 
anesthesia. 

In spite of this help there are many intrathoracic goiters whose size 
makes it impossible to deliver them through the superior thoracic strait. 
Formerly this necessitated disarticulation of tlie clavicle and the re- 
moval of a portion of the manubrium. Lahey^^ has called attention to a 
valuable point in the handling of this type of case. He has pointed 
out that most of the intrathoracic goiters are soft and semieystic. There- 
fore, if the tumor is too large to be withdrawn easily through the 
supei’ior thoracic strait, he incises the capsule, thrusts a finger into the 
center of the tumor, brealis up the center, and aspirates the contents 
with the suction tube. The shell of the adenoma is then withdrawn with- 
out difficulty. In an experience with over 300 completely intrathoracic 
goiters he has rarely found it necessary to remove the manubrium ex- 
cept when the mass is careiuomatous and the center may be solid. 

The control of bleeding is not difficult when it is a'calized that every 
intrathoracic goiter gets its blood supply from above; that is, from the 


supex’ior and infei’ior thj'roid ai’teiaes which it carries with it as it 
descends into the thorax. If these are ligated, together with the superioj-, 
middle, and inferior thyroid veins, before manipulation of the tumor 
is attempted, the danger of xincontroliable bleeding is slight. All this 
pi’esuppos<2S adequate exposure of the field of operation, and there can 
surely be no argument regarding the advisability of the bilateral division 
of the prethyroid muscles in these cases. 

One other point to which attention has been called in the last few 
is the length of time of postoperative drainage indicated following 
T^^^cmovil of an intrathoracic goiter. The cavity wliich remains can- 
not be obliterated except i,y the gradual oxpamsion of the lung and 
li the postoperative drainage is not prolonged, tJjat js, three* 

plerira 
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n these tumors ot lateral aberrant thyroid origin which recur locally so 
irequently and metastasize so infrequently. It is generally agreed today 
hat the treatment should consist of radical dissection of the neck plus 
the lemoval of any similar tumors in the thyroid gland. If mali-nant 
degeneration has occurred in any of these tumors, the operative proce- 
dure should be followed by x-ray therapy. 

One cannot leave the subject of thyroid carcinoma without empha- 
sming one important technical point which has been appreciated within 
the past few years. Graham- has pointed out the tendency for re- 
current thyroid malignancy to extend within the thyroid veins thus 
indicating the necessity of a wide and radical removal of the adjacent 
veins along with the tumor itself. By ligating and dividing the internal 
jugulai vein high and low m the neck, the entire vein along with its 
tributaries (the superior, middle and inferior thyroid veins), tlie a com 
panying hrniph nodes, and the tumor can all be removed in one lieTe 
III Secondary Hyperthyroidism.— Inhere is an almost universal tend 
eney oday to regard all cases of hyperthyroidism, both primaiw a^d 
secondary, as representing a single disease. Therefore, the assoc ation 
of adenoma and adenomatous goiter with secondary livpertl SSn 
will not be discussed apart from hyperthyroidism in gLeral except 
to call attention to turn outstanding clinical differences. T ie paSs 
with secondary hyperthyroidism may respond less well to iodine meS 
tion and to preliminary pole ligation than do patients with exophSalmL’ 
goi er Moreover, possibly due to their more advanced a^e tSh T 

Th* operative mortality at the Clinic in exophthalmic -oiter ia OBK 
per cent. The case mortality is 0.91 per cent (the tvo o’ 
course due to the fact that many patients had more th- 
this also includes recurrent hyperthvroidism 1 Tu o^e operation; 
witli secondary hyperthyroidism however th enomatous goiter 

to 2.30 per cent and the'ease .0 2.7? 

hyperthyroidism 

Of tlie 20,000 tliyroid operations that Invo i 
(ffinie, approximately 76 per cent were on n. V Pmdormed at the 

t]ivroidi.sm. The great maioritv of u suffering from hvper- 

eountry. at least. 

goiter group. We are quite convineed^l m- exophthalmic 

severity of IhvperthyroidLi van ma^ 

fount ry. a fact whieli must be kept in luind in”tV 

statistics, ^ llm evaluation of thyroid 

Tlie classical deserintion i 

luiown tliat it needs no repetition I will J;' f is so well 

• iMO meiely mention certain points 
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may be diie to hemorrhage into the adenoma 2 ‘atJier than malignant de- 
generation, particularly if there is localized pain and tenderness asso- 
ciated with it. Even when malignant degeneration has occurred it 
may not liave penetrated the capsule of the adenoma or it may have 
eroded the capsule and invaded the gland at only one point. Radical 
operation combined with radiation, wiiicli is generally recognized today 
as the most satisfactory form of treatment for thyroid malignancy, will 
save the majority of these patients. Lahey, flare, and Warren, =« in a 
stndj’’ of 231 eases of cancer of tlie thyroid gland, found a five-year 
survival rate of 71 per cent in cases of malignant adenoma with blood 
vessel in%^asion. The rate was even highej’ in papillary adenocarcinoma 
(80 per ce2it) and Avas least favorable in diffuse alveolar, small round- 
eell and giant-eell eai'cinoma. Pemberton , in a study of 774 cases of 
malignant lesions of the thj'roid gland, found the same variation as re- 
gards the type of malignancy, Avith a five-year survival rate of 70 per 
cent and a ten-year survival rate of 58 per cent for all eases. 


Even Avhen dealing Avith extensive and apparently hopeless malignant 
disease, it is Avise to obtain a biopsy specimen for pathologic examination, 
since the degree of radiosensitivity is hnoAm to vary markedly Avith the 
diffez'ent types of thyroid carcinoma. If the tumor is radiosensitive, 
much can be done for these patients in the Avay of relief of symptoms 
and prolongation of life. Nor is a poor prognosis to be given in a case in 
Avhieh there is a nodule in one lobe of the tJiyroid plus several (question- 
able metastatic) palpable nodules along 1he great vessels of the same 
side. As a matter of fact, such a case Avill probabl3' fall in the group of 
patients with the most favorable prognosis of all thyroid malignancies; 
that is, the papiliiferous tumors of the thyroid, including those of 
aberrant thyroid origin. These usually occur in patients under 40 years 
of age and are five times more frequent in Avomen than in men. They 
must be differentiated fi’om tuberculous adenitis, lymphosarcoma, and 
other tumors by biopsy and microscopic examination. CattelP’ reported 
30 cases Avith lateral aberz-ant t2i.vroid tissue in Aviiieh one-tbird showed 


a similar but quite separate inA'-olvement of the thyi’oid lobe on the same 
side. In all, the aberrant thyroid tissue Ava.s removed .surgically and post- 
operative radiation therapy VA’as given to all who showed malignant 
change. A foIloAA'^-np e.xamination of t)ze.se patients revealed that 20 had 
no rrcurrence; 4 had recurrence but have reniaiziod well after a second 
operation. Four patients JiaA^e died of proved cancer. One patient died 
of recurrmit malignant disease of lateral aberrant thyroid origin. One 
had had repeated pathologic fracture of the right humerus, and 

motlier metastasis to both lung fields. Ward^-' also found 2 death.s 
anouic , aberrant thyroid ti.s.sue, 1 ii-om local rcaiir- 

from pap - nuinionarv metasta.sis. Tliis would .seem to indicate u 
rence and ^ prognosis than was at fii'-sl thought indicated 
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mil simulate those of hyperthyroidism even more closely. These patients 
have a feeling of warmth, perspire readily, often have a rapid pulse and 
are emotionally unstable. The hypertension alone will frequently give 
patients a warm moist skin and a sensation of warmth. They have an 
active heart with forceful sounds and may even have a suggestion of 
exophthalmos. The menopausal patient ndll usually show no weight loss 
unless the appetite is very poor, and any tremor present is apt to be 
gross and inconstant. In the hypertensive patient the diastolic pressure 
is usually elevated ; whereas, a diastolic pressure over 100 is unusual in 
pure liyperthiwoidism. These patients will frequently show a false 
elevation of the basal metabolic rate at the first test, especially if the 
test is done when they are outpatients. Even when the patient is at 
bed rest in the hospital it may require two more readings to get the 
true basal metabolic rate. Airy patient who has auricular fibrillation, 
whether temporary or permanent, in a heart without valvular lesion 
or other definite damage, should be considered as a patient with hj^ier- 
thyroidism until this is ruled out. Even when organic heart disease 
is present, superimposed hyperthrmoidism may be the factor which 
initiates the fibrillation. The tremendous improvement that subtotal 
thyroidectomy will produce even in this last group of patients makes it 
very important that this factor not be overlooked. When the auricular 
fibrillation is associated with cardiac failure, the gradual collection of 
edema may mask a marked loss in weight due to the hA'perth 3 T.’oidism. 
Leucemia, diabetes, tuberculosis, and rheumatic infection raaj'' at times 
simulate hj^perthj'roidism but the other factors involved will usually 
reveal the diagnosis. It is also to be remembered that when diabetes or 
tuhereulosis coexists with hyperthyroidism, correction of the hyper- 
thyroidism greatly improves the associated condition. 

Pailiolof/ic Plujsiology . — The pathologic phj'siologj', in so far as we 
understand it today, has already been discussed under the pathogenesis 
of the disease. Mention will be made here of other interesting observa- 
tions along this line Avhieh har^e been made in the past few j’^ears. We 
know that there is a reduction in plasma cholesterol in the majority of 
eases of clinical hj^perthjToidism and that this returns to normal follow- 
ing the relief of the liJTjerthjToidism. We also know that there is an 
abnormal elevation in plasma cholesterol in cases of clinical myxedema 
and that this furnishes ns with one of our best diagnostic tests for this 
condition. This also falls to noroial following the feeding of desiccated 
thyroid. Ilurxthal and Perkin, “ by feeding thyroid extract to mioe, 
found that the decrease in the body content of cholesterol ivas not due 
to an increase in excretion of the cholesterol but to an actual destruction 
of the total bodj- cholesterol. Thej* also found that there appeared to 
he a specific optimal dose of desiccated thyroid effecting optimal destruc- 
tion of cholesterol. 
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winch we feel liave been helpful in the recognition of the less obvious 
cases and in. the differentiation of conditions which maj'' closely simulate 
hyperthyroidism. 

While loss of weight is one of the most common symptoms of hyper- 
thyroidism, when it has been accompanied by a poor appetite from the 
beginning- it is nsnally not due to hyperthyroidism. E.-Jophthalmos, 
another outstanding sjnnptom of hyperthyroidism, while present in only 
50 per cent of the eases, is still many times more frequent in this condi- 
tion than in any other disease. When it is present, even if unilateral, 
hyperthyroidism must be ruled out. 

Certain symptoms are important because of their absence. A fine 
tremor and a palpable heart thi-ust may occur in purely nervous in- 
dividuals as well as in patients with hyperthyroidism, but their absence 
is indicative ot‘ little thyroid overactivity. Patients stiff ei-ing from 
'‘neurasthenia” or neuroeireulatory asthenia usuall.v feel ill; whereas, 
the average patient with hyperth.yroidisin feels fine, partieularl 3 ’- when 
resting. The hands and feet of the neurasthenic are usually cold and 
moist, in contrast to tlie warm, moist liands and feet of the hj'perthjToid 
patient. Although warm moist skin, sensitivitj^ to heat, and other 
signs of increased circulation are characteristic of thjn-otoxieosis, it must 
be remembered that the eldorl}^ patient who does not have the capacity to 
react vigorously to hj^perthja-oidism may not ex’hibit these signs and 
sjTOptoms. These patients often present a picture aptly described as 
apathetic hj^perthjn-oidism. In these patients, who may show little else 
except an increased pulse rate and an unexplained loss of weight, the 
diagnosis may easily be overlooked. Frequently, when the diagnosis 
is made, the seriousness of the condition is not appreciated, and an un- 
expected fatality is the result of a subtotal tliju-oidoetomy. 

The blood pressure in hj^pertlijn-oidism is nsuallj^ moderately elevated, 
but the loud and snapping sounds heard in the stethoscope as the 


mercury in the sphygmomanometer approaches the level of the diastolic 
pressure are even more characteristic and important. Except for hypev- 
thju’oidism it is onty present in aortic regurgitation and marked arterio- 
sclerosis. Congestive heart failure ma.y occur in tin's condition if 
auricular fibrillation or organic heart disease is present, but congestive 


failure with normal rhjdlnn and no demonstrable cardiovascnlai- disease 
is very rare in hj'perthyroidism. Enlargement of the tlij-i-oid gland or 
«oiter is usuallj' present but is not necossai-ily visible, and may only 
L detected by careful palpation. A change in consistency oven when the 
size appears normal will usually be detected on careful palpation. The 
1 merolastic "land is firmer than normal, and after the administration 
findine the” firmness may approach hardness. Wliile the group of 
f It. desimiated as having neuroeireulatory a.sthenia form the largest 
patients » ],ypcrthvroidi.sm mu.st be ruled out, the .s3-mptoin.s of 
group ni 1 \vhen associated with mcnopau.sal symptoms, 

hypertension, espetia* 
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cites particularly the type of case in which, on the initial dose of iodine, 
the basal metabolic rate has dropped to a substandard level. We believe 
that in this type of case one would have to be very certain that the 
patient had hyperthyroidism in the first place, and second, that the 
apparent cure was maintained over a period of years. 

A review of the recent literatiu’C would indicate that roentgen therapy 
as a method of treating hyperthyroidism is being used less and less 
frequently. Certainly it is true that those surgeons and physicians most 
familiar with this disease hai’^e never felt that the results of roentgen 
therapy would compare with the results obtained from radical operation. 
Even in the poor-risk, severely toxic patient, Pemberton^^ believes that a 
preliminary pole ligation or lobectomy is preferalde to x-ray treatment. 
The ma.iority opinion certainly supports this view. Means feels that 
x-rays should be used routinely for recurrent hyperthj-roidism. We be- 
lieve that this method of treatment may be .pistifiable if the thyroid 
remnants are small. It should also be pointed out that anyone familiar 
with thyroid surgery has frequently been surprised at the rather 
large size of the remnants as disclosed at operation in cases in which 
little could be palpated preoperatively. 

Treatment . — There has been no radical change in the preoperative 
preparation of hyperthyroid patients within the past few years beyond 
perhaps the administration of additional amounts of protein and 
vitamin B, Our main reliance is still on iodine, and most authorities 
agree that its maximal effect is obtained in eight to fourteen days. AVhile 
bed rest is the other mainstay in the preoperative period, allowing the 
patients to move about a little during the last few days before operation 
is probably better, from a cii'culatoiy standpoint, than is complete bed 
rest. 

The question of anesthesia in these patients is still a matter of opinion. 
Many surgeons still prefer local anesthesia, feeling that it is the safest 
of all anesthetics. This point could only be proved by comparing mor- 
tality figures of a large series of comparable cases in which operation 
was performed under local anesthesia and under other methods of anes- 
the-sia. We feel that this point has not been proved, and that patients 
with hyjwrthyroidism are not as well able to withstand tlie emotional 
ordeal of a major surgical procedure awake and conscious as any other 
type of patient. We doubt if thei-e is any combination of narcotics and 
other drugs which can be used in .safe doses and yet insure that the 
patient will not remain awake and keenly conscious of what is going 
on. Ether is as.sociated with a prolonged induction period and fre- 
quently followed by vomiting, a very undesirable complication in the 
immediate postoperative period of these patients. Nitrous oxide we 
feel must be used with too little oxygen (usually 10 per cent) for use in 
patients in whom o.xygcn demands are two to three times that of the 
average ])atient. Avertin, which is frequently used with nitrous oxide. 
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^ ilore evidence of tlie impoctaiil role played by the liver in this condi- 
tion was found by Bartels^^ in his studies on the serum protein in hyper- 
thyroidism, He bad previously noted that the degree of disturbance of 
liver function, as determined by the hippuric acid test, is in direct rela- 
tion to the severity of the hyperthyroidism as determined by the basal 
metabolic rate, and the clinical opinions as to the necessity for a one- or 
two-stage operation. He foinid that there was a rough correlation be- 
tween tire level of the total serum protein and the excretion of hippnrie 
acid used as a test of hepatic function. In 73 per cent of the eases in 
which tlie value for the total serum protein was below 6 Gm., a two-stage 
operation was required, and in all cases in which the serum albumin 
content was 3 Gm. or less two-stage operations were required. Bartletf*^ 
has pointed out that blood amylase, another indication of liver function, 
is decreased as thyroid activity increases. Crile, Jr.,'’“ found that liver 
function tests indicated that liver function was most impaired in elderly 
patients with h.yperthyroidism, and believes that liver failure is the 
most common cause of delirium and confusion following operation on 
these patients. 

Shaffer,^" in a studj’’ of the liver from 24 fatal eases of toxic th.rroid 
disease, found a loss of liver weight, fatty infiltration, cirrliosis, and 
lymphocytic infiltration in the periportal region often associated with 
patchy fibrosis. He found these lesions mueli greater in frequency and 
severity than in a carefully studied group of 100 control eases. 

Means®® feels that there is good reason to suspect that most patients 
with hyperthyroidism suffer from a relative shortage of vitamin B. 
Drill and Hays®® found an increased requirement for vitamin B in ex- 
perimental animals with hyperthyroidism and sugge.sted timt a sub- 
normal amount of vitamin B in the diet may be at least partially re.spon- 
sible for abnormal liver function in this disease. These studies would 


indicate that a high protein diet with supplementary vitamin B, in 
addition to large amounts of carboh.vdrate and iodine, might well ho 
used in the preoperative preparation of patients with hypei'thyi-oidi.sm. 
Little need be said regarding the great value of iodine in the pre- 


operative preparation of these patients, for it has long jiroved its wortli. 
Cutting and Kuzell,-“‘ in experimental Inqjerthvrojdi.sm pi’oduccd by the 
injection, of thyrotropic hormone in guinea pigs, found that only sodium 
iodide would limit consistently the increased metabolic rate. Sulfanil- 
amide and phenobarbital reduced the degree of liyperth.vi’oidisn] Ip- a 
«eneral depressant action only, ami testosterone and calcium gluconate 
did not affect it at all. 3ro.st aiitliorities condeiim tlie long-con 1 in ucd 
use of iodine without operation in hyperthyroidism. The beneficial cflcct 
■- eventually in the vast majority of patients and tlien a pivopeni- 
imnr'overnent can no Jonger be obtained by the use of iodine. This 
^ V called iodine-fa.st patient- IMcan.s, however, IVcI.s that a few 

• 
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An, apparently nneventful eonrse skould not tempt the operator into 
doing a complete operation on a patient in whom the age, toxicity, and 
preoperative course would seem to make hemithyroidectomy advisable. 
The converse of this, of course, is not true. Occasional^ a patient in 
whom a subtotal thyroidectomy had seemed indicated, by an increased 
consumption of oxygen, a widening pulse pressure, and rising pulse rate, 
will warn the alert operator to be content noth hemithyroidectomy. 

The necessity of adequate exposure has been repeatedly emphasized in 
the last few years. With adequate exposiu'e by means of a high ele%'ation 
of the flap, division of the prethyroid muscle, and the complete lateral 
dissection of the gland, uncontrollable hemorrhage should never occur 
and parathjToid tetany and recm-rent laryngeal nerve injurj- should be 
reduced to a minimum. The prophylaxis of these two complications is 
far more satisfactory than their treatment, and the prophjdaxis is based 
largely on adequate experience and a dry operative field. 

Postoperative Complications . — The most important complication which 
is likely to occur in the first twenty-four hours following operation is 
respiratory obsti'uction. 'Wdien the obstruction is due to a profuse 
hemorrhage from the superior or inferior thyroid arteries, the clinical 
picture is dramatic and calls for immediate treatment. The incision 
must be opened on the spot withoitt regard for asepsis, the prethyroid 
muscles separated, the clot quickly evacuated, and a gauze pack in- 
serted imtil the patient can be brought to the operating room and the 
bleeding vessel ligated. Prompt action of this sort has sa%'ed more than 
one life in the past. 

Much more fi-equent is the partial obstruction due to laryngeal edema 
or paralysis of the vocal cords. Because the cyanosis and other signs of 
respiratory obstruction are much less marked, they are frequently over- 
looked. Yet the end results of this type of obstruction may be just 
as serious as when due to profuse hemorrhage. Nni’se, intern, and 
surgeon must be on tlie alert for mild degi-ees of cyanosis and early signs 
of obstruction. If these signs are present, the patient must be watched 
very closely and if they show any tendency to persist or increase or 
if there is any question of the patient’s receiving an adequate supply of 
oxygen, tracheotomy should be promptly performed. Delay in these 
patients is serious. Pemberton has said, when in doubt, do a tracheotomy 
at once. Lahey has pointed out that patients with a slight cyanosis as a 
result of tracheal obstruction, who are pewnitted to go through the 
night suboxygenated aud then have a tracheotomy performed the follow- 
ing morning, frequently continue to sink into unconsciousness and die. 

The next important complication which may occur in the postoperative 
period is the development of thyroid crisis. Here again, as in other 
complications of thyroid surgery, prophylaxis is much more satisfac- 
tory than treatment. The careful preparation of these patients, and 
particularly the accurate estimation as to the amount of surgez-v eaeh 
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m addition to bein^^ a respiratory depressant, iias, in the experience of 
Cole and Brunner,'- occasionally aggravated tlie toxicity in severely 
toxic patients. The first answer to tliis increased demand for ox 3 "gen in 
the anesthetic mixture came with the i 2 itroduetion of ethjdene in 1924. 
AVitli tins gas, a higlier concentration of oxj^gen could be used (15 to 
20 per eent) and it has been a veiy satisfactory form of anesthesia in 
tli 3 ’'ioid surgery. Cole and Brunner'*- feel that it is the anesthesia of 
choice. With the introduction of cj’clopropane in 1937 it became possible 
to administer 50 to 85 per eent oxygen in the anesthetic mixture, and for 
nuuy years we have felt that it is the best single anesthetic for use in 
hj’pertluwoidisin. There is a tendenej', however, to cardiac irregu- 
larities, especiallj’ in patients with coexisting heart damage with the use 
of cj’clopropane in higher concentrations and this has led to the latest 
development in general anesthesia for toxic patients. Smaller concen- 
trations of ej'clopropane are used and the anesthetic mixture is fre- 
quentl}’- diluted with moderate amounts of ethylene, and even small 
amounts of ether ^Yhene^’ev there is any tendency to cardiac irregularity 
or in patients with known cardiac damage. Cjmlopropane-oxygen is an 
explosive mixture (although no more so than nitrous oxide-oxygen, ether 
or ethjdene-oxygen mixture) and a considerable amount of work has 
been done in the last few years upon eliminating this hazard. Wood- 
bi’idge, Horton, and Connell*'' have discussed the prevention of static 
spark and have described an intercoupler now installed on all our anes- 
thetic machines which may prove to be the answer to the anesthetic 
explosive hazard. 

For many j’-ears we have been convinced that there are patients with 
thyrotoxicosis who, no matter IioAv carefully prepared, will not stand 
subtotal thju’oidectom}', but who will stand heniithju’oideetomy. We are 
also convinced that a few patients will survive hemithyroidectomy onl}’^ 
if first submitted to preliminary pole ligation. Continued experience 
has given us no reason to change these convictions despite frequent state- 
ments of a contrary nature which appear from time to time in the litera- 
ture. Approximately 20 per cent of our toxic patients are operated upon 
in two or more stages. Marshall** found that a drop in the metabolic 
rate a drop in pulse, and a gain in weight occurred in 85 per cent of 
patients following a first-stage hemithyroidectomy, and in 66 per cent 
following prelinrinary pole ligation. The elderly patient, those in whom 
the diseLe has been present for over a jmar, the severely toxic, the 
natient who has lost 50 pounds or more in weight, the patient with toxie 
%mptonrs of the gastrointestinal tract, the patient wlio fails to gain 
^^<^t in the hospital— all carry an increased operative risk. If such a 
V t fails to survive a subtotal thyroidectomy, the surgeon must in all 
nc=,iTHP that this patient might have survived a less extensive 
tairness patient’s course on the operating table is only one of the 

procedure. ^ subtotal procedure in any given ease, 

factors in evaiuaiiuo 
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dyspnea of these patients hiit leaves them with a limited voice. Another 
more recent operation has been devised by King/" by means of w’hieh 
the arytenoid cartilage is loosened and then fixed m a lateral position by 
attachment to the thyroid cartilage. This also has restored an adequate 
airway to these patients, and ma 3 '’ prove to leave them with a better voice 
than does the submucous resection of the cords. 

Persistent hj'perth.vroidism must, in most oases, be considered as due 
to a failure to remove sufficient thyroid gland at the original operation. 
The cause of recurrent hypei-thyroidism is unknown ; it is most likely 
due to the same factors which produced the original disease. Cattell and 
Morgan, in a study of 4,456 cases of exophthalmic goiter, found the 
incidence of persistent hypeifluu-oidism to be 2.4 per cent and recurrent 
hyperthyroidism to he 3.7 per cent (306 eases in all). These cases 
were followed for a period of from two to twelve years. Coiier and 
Potter^® reported 267 cases of exophthalmic goiter with a reeiUTence rate 
of 4.8 per cent. Joyce™ found a I’eeurrence rate of 5.7 per cent in toxic 
goiter, and Berlin and Gargill^’ found an incidence for persistent and 
recurrent hyperthm'oidism of 5.2 per cent. There seems to he a general 
agreement that certain eases, especially mild eases, can be controlled on 
iodine therapy alone or in conjunction with radiation. There is also, 
however, a general agreement that the treatment of choice for the more 
severe case, especially when the remnants are enlarged, is subtotal ex- 
cision of the thyroid remnants. This agreement exists in spite of the 
fact that all of the complications found after primary operation for 
hyperthyroidism occur in a consideraWy higher percentage after 
secondary operations. 

SUJOtAKV 

A review of recent developments i-elating to the pathogenesis of 
diseases of the thyroid gland has been presented. In addition, certain 
factors in the diagnosis and treatment of these conditions have been dis- 
cussed, whicli, in the light of our experience at the Clinic, seem par- 
ticularly significant from the point of view of the surgeon. 
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individual patienl will tolerate are our best protections against thyroid 
crisis. Careful .s-edation, oxj'gen, Lugol’s solution and ample amounts of 
intravenous tluid.s and glucose in the first forty-eight hours following 
operation will control most of the postoperative reactions which occur 
in these to.xic patients. 

Postoperative tetany i.s a distressing complication which, thanks to 
adequate exposure and careful pvesevvation of the parathyroid glands, 
is becoming less and less common. Out of 20,000 thyroid operations at 
the Clinic there Imve been but ten cases of established tetany. Calcium 
gluconate by vein and calcium lactate and dibydrotaehysterol (A.T.lO) 
by mouth will control most of the transient eases very satisfactorily.* 

A similar situation e.xists in regard to paralysis of the recurrent 
laryngeal nerves. In 1926, at Dr. Lahey’s^'* suggestion, the roiitine e.\'- 
posure of the recurrent laiyngeal nerve in all thyroid oijerations was 
started at the Clinic. With adequate exposure, its visualization and the 
accurate determination of its position add but a few minutes to the 
operative procedure. With the nerve under direct vision, the radical 
resection of thyroid tissue, whether malignant or benign, may be carried 
out with far greater ease of mind than when one is merely Imping that 
the nerve will not be caught in the dissection or involved in the resulting 
sear. Certainly, the routine exposure of the recurrent laryngeal nerve 
has definitely decreased the percentage of nerve in.jury in our hands. 
Even those who feel that it is not necessary to visualize it in all cases 
must agree Avith Cutler that any surgeon doing thyroid surgery must 
visualize it in a sufficient number of eases to be perfectly familiar with 
its usual position. Moreover, in cases in which it is apt to be out of its 
usual position, as in adenomatous goiter, it would seem advisable to e-x- 
pose the nerve and to know where it is rather than to assume it is in its 
normal position. It is generally agreed today that the nerve can be ex- 
posed completely in its cervical course Avitiiout harm to tJie nerve or 
patient. 


While an injury to one nerve is unfortunate, the injury of both re- 
current laryngeal nerves is a serious surgical calamity. There is at first 
loss of voice, still ivith normal ability to breathe, but ivithin a few 
months, although the voice returns, there is increasing difficulty in 
breathing', because of the constant narrowing of the glottic space from 
fibrosis of the cords and fixation of the arytenoid cartilages. This 
narrowing may become so marked that the necessity for a tracheotomy 
becomes xirgent. Two operations have been devised which offer adeejuate 
relief to these unfortunate individuals. That of Hoover,^“ now Avell 
ted over a five-year period, consists in the submucous oxision of one 
bv a laryngofissure, thus leaving an adequate airway through a 
lined with'' mucosa. This relieves completely the incapacitating 

~ ..Sftinea equaUy satlslacton’ results with vitamin Dj useil in 
.We have recently “Rifcajciurii lactate, in the treatment of chronic tetany, 
place of A.T.10, alo«S cn 
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re\erse<i bj the addition of an excess of nicotinannde, the a(,ti\e compounds ap 
parently competing nith nicotinamide for the enzjme m en/jmes Sulfanilamide, 
on the other hand, does not possess this specific actmt,i, but causes onlj a small 
inhibition unrelated to the nicotinamide stimulation These aorkers, therefore, 
postulate that sulfapj ridine max one its therapeutic actmtj to tno different group-, 
namely, the sulfanilamide group nlucli causes the nonspecific inhibition obtained 
nith sulfanilamide, and the pjridine group xxhicb specifically inlubits the activity 
of the enzymes associated nitli nicotinamide and related compounds, and they sug 
gest that thib tnofold activity' of sulfapyTidine may account for the greater 
efficiency of this compound oxei sulfanilamide in the treatment of a number of 
diseases feulfathiazole acts in a manner similar to that of sulfapyndine 


Elizabeth M. Cranston, of the University of Minnesota, compared the pressor 
effects and toxicity of epliedrine and raeephedrine (the racemic mixture of d and 
1 ephednne) The LD 50 for intravenous injection m normal rabbits was 60 to 70 
Mg Ag for ephednne and 90 mg /kg for raeephedrine In barbitalized rabbits, 
ephednne intravenously produced a greater nse m blood pressure than racephednne 
in equal do-e-, but the toxieitv was the same for both drugs, early toxic symptoms 
appearing with 20 mgAg, and 60 mgAg killing four out of five animals 
T. J Becker, M. R Warren, D. G. Marsh, and R, S Shelton, of the Research Lab 
oiatones of the Wm S Meirell Co, reported a study of a new ephednne com 
pound, nethamine hydrochloride (levoN ethyl ephednne hydrochloride) The 
JILD following intravenous administration to rabbits was 50 mgAg. or ap 
proximateiy the same as that of 1 ephednne Prolonged daily administration in 
doses of 25 mgAg intravenously or 50 mg /kg orally produced no apparent 
pathologic changes Ven little central stimulation results from administration 
of the drug to rats The pressor effect of this compound is about one tenth the 
pressor action of similar amounts ot 1 ephednne In perfusion experiments 
IX ethvl ephednne and 1 ephednne were found to relax normal bronchioles to 
approximately the same degree Strips of isolated rabbit small intestine were 
Usually relaxed by 1 X ethvl ephednne, but at times a stimulation was produced 
Preliminary experiments on the stomach in situ indicate that the substance 
produces a definite inhibition of gastric peristalsis 


The importance of the autonomic nervous system in the action of morphine 
was again -tressed in a number of paper- C. I. Wnght, ot the Xkational Institute 
ot Heilth, reported on the inactivation of choline esterase by morphine and some 
ot it- derivative- Increasing concentrations ot morphine, diiaudid and di 
Indmrlpsovvniorphinc D produced iiicreising inactivation of the choline esterase 
ot dog serum and ribbit brain The inactivation produced by dihy drodesovv 
morphine D was much greater than that produced b\ either morphine or dilaudi'd, 
being 60 , 45 ind 44 per cent respeitiveh for a drug concentration of 0 33 nig/ec. 
D. H Slaughter, C R Treadwell, and J. W. Gales, from Baylor University, re 
ported on some relation-liip- between morphine and the cholinergic drug pr'osti<c 
mine niethvl sulfate Thev found that the administration of 0 1 ni"A" of 
pro-tigmmc methylsulf ite to morphine adcli. ted dogs during the withdrawal period 
following prolonged adniimstr ition of three daily subiutaneous do-es of 20 mrr/Krr 
of morphine sulf ite resulted in a more rapid dis ippearance of the morphine^from 
the blood streim i 0 per cent decrei-e m the excretion of morphine, and a decrease 
in the -everifv of the withdrawal symptoms These workers have also found that 
the inalge-n n turn of morphine is enhanced by the simultaneous administration 
ol .erlun Ihohnergu drug- The .dm.n„frat,on of pro-t.gmine smmitaneouslv 
with v half<lo-e ol morphine produced an analgesic effect cqu il to that of a full 
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REPORT ON THE ^MEETINGS OP THE AMERICAN SOCIETY 
FOB PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS, 
INC., CHICAGO, ILL., APRIL 15-19, 1941 


Harold N. Wright, Ph.D., j\Iinneapolis, IMinn. 

(From the Department of Pharmacology, the University of Minnesota 
Medical School) 


A t the thirty-second annual meeting of the American Society for Pharmacology 
and Therapeutics in Chicago, April 15 to 19, 19-11, some lOS papers were 
presented. Among the more important papers of interest to the surgeon were the 
following: 


At the joint .session of the Federation of American Societies for E.vperi- 
niental Biology, E. K. Marshall, Jr., from Johns Hopkins University, discussed the 
work which lie and his collaborators have done with sulfanilylguanidine, a chemo- 
therapeutic agent of tiie sulfonamide series recently introduced for the treatment 
of Intestinal infections. Sulfanilylguanidine is water soluble to a considerable 
degree, yet poorly absorbed from the intestine. The use of intestinal antiseptics 
heretofore has depended upon low water solubility to avoid absorption. The idea 
of a drug which is fairly water soluble and therapeutically active but not absorbed 
from the intestine presents a new principle in the use of the new bacterial chemo- 
therapeutic agents; the fundamental principle involved is the achievement of a 
high concentration of the drug in the intestine and a low concentration in the blood 
and tissues. The acute toxicity of sulfanilylguanidine by mouth j.i very low, 
probably due to poor absorption. Continuous administration in mice and rabbits 
indicates that it is probably less to.vic than sulfapyridine and sulfathiazole. Favor- 
able results were reported of the clinical use of the drug in the treatment of a 
series of cases of acute bacillary dysentery. 


Considerable attention was again given to the mechanism of action of the 
sulfonamide group of drugs. J. T. Litchfield, Jr., H. J. White, and E. K Marshalh 
Jr from Johns Hopkins University reported that by determination of the median 
survival blood concentration for neoprontosil and sulfanilamide m mice infected 
with a B-hemolytie streptococcus they concluded that the entire chemotherapeutic 
ItiviL of neoprontosil is due to the sulfanilamide formed from it in the animal 


organism. 

1 , of action of sulfapyridine was .studied by A. Dorfman, L. Bice, 

Ts Tsoser, of the University of Chicago. They found that the 
“ nmmally produced by the .addition of nicotinamide to the cu ture 

of respiration no J oicotinaniide deficient .synthetic medium 

niedinni of / , , . addition of sulfapyridine, acetylsulfapyridine, or 

is completely inlubi respiration by sulfapyridine can bo partially 

sulfathiazole. This 

-^;ved for PUbUcatlon. June 10. 




REVIEW OF RECENT JIEETEJGS 


361 


potent principles in tincture of digitalis is absorbed from the gastrointestinal 
tract, the percentage varj-ing for different specimens of leaf. Digi toxin -like 
preparations are practically completely absorbed after oral administration. 
Lanatoside C is absorbed much less rapidly and completely than is digitoxin. Ex- 
periments in man supported the statement of B. A. Hatcher and C. Eggleston 
that the gastrointestinal absorption of digitalis and its purified principles parallels 
that in the cat. The digitoxin-lihe materials which are almost completely absorbed 
in the cat, are also well absorbed in man since Hie intravenous and oral digitalizing 
doses are the same, about 3 cat units. About 20 cat units of digitalis orally are 
required to produce the same effect. Lanatoside C which is poorly absorbed in the 
cat is also poorly absorbed in human beings since the equivalent therapeutic doses 
of this glycoside are about 4 cat units intravenously and about 40 cat units orally. 


EEPOET ON THE PIFTY-THIED ANNUAL MEETING OP THE 
AMBEICAN PHYSIOLOGICAL SOCIETY, CHICAGO, ILL., 
APRIL 15-19, 19-41^ 

Rich.vrd L. Varco, M.D., Minne.vpous, Mixk. 

(Froni the Department of Surgery of the Medical School, University of Minnesota) 

T he following report covers a few of the many papers presented before the 
Society at the joint Session of the Federation. 

0. H. Best and D. V, Solandt, from the University of Toronto, Toronto, studied 
traumatic shock in a large number of dogs and concluded that fluid loss at and 
adjaceirt to the site of injury, as measured by a volume displacement technique, 
though usually a major factor was not the only etiologic agent responsible for 
death. Their own e.xperiraeuts, as well a.s those of Bayliss, Cannon, Aloon, Esse.v, and 
collaborators, suggest the action of a toxic factor playing a role, after its release 
from injured tissue. 

Micromanipulative studies, in the mesentery and tongue of the frog, on vascular 
responses to localized mieroinjury and to remote trauma by Eobert Chambers 
and by Benjamin W. Z-weifach, respectively, Washington Square College, New 
York City, suggest the evolution of a toxic sub.stance. Following trauma there is 
a general loa.s of vascular tone characterized by dilatation of venules, enlargement 
of capillary bed and capillary stasis, an absence of rliytlimic contractions in arterioles 
and their refractoriness to contractile nervous influences, along with a generalized 
inerea.sed permeability of vessel walls, as noted by increased diffusibility of certain 
dyes. 

This sequence is consistent with the finding.s of M. L. Cullen. A. E. Schecter, 
and N. B. Freeman, of the School of Aledicine, University of Pcunsvlvania, Phila- 
delphia, that a reduced circulation of blood is present iu the uninjured I’imb of 
other anesHmtized dogs during a state of traumatic shock. Hemoconcentration 
and elevation of serum specific gravity in their e.Nperience developed only after 
failure of circulation. 

appear in the American 
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dose of morphine Iho analgesia, was produced more quickly and lasted for a longer 
period of time than nhen morplimc iias giien alone. Atropine produced a dight 
decrease iii the luvalgesio oftect of morphine, while opmophrme not onh decreased 
tiic analgesia hut la bomc cases conipletelj abolished it 


The synthesis of a new tjpo of inhalation anesthetic nas reported bj J. 0. Krantz, 
Jc., and S. E. Eonaan, oi the 'Unnorsity of afarylaad. They reported the prepara 
tion and testing of two ethers of cyclopropane, thus combining the properties of 
both tjpos of compounds 


CJI,~O~0.H, 
Ethyl Ether 


CH, 

/\' 

CH,— CH— O— CH, 
Cyclopropane hfethyl Ether 
(Cjpromc Ethel) 


CH, 

/\ 

CH,— CH, 
Cyclopropane 

CH. 

/\' 

CH,— CH— 0— C,H, 
Cyclopropane Ethyl Ether 
(Cj^ireth Ether) 


Cypreth ether is a true hybrid inoleciile between ethyl ether and cyclopropane 
Its potency in laboratory animals approximately equals that of chloroform and its 
anosthetie index is moie th m twice <is great as that of ethyl ether Cyprome ether 
has been employed in human anesthesias .iiid is intermediate in characteristics be 
tween etby] ether and cyclopropane. 

A considerable number of papers were piesented dealing with drugs acting on 
the heart and circulation G. E. Fabr and J. S. LaDue, of the Hinversity of Mm 
nesota, reported on the effects of intraienous administration of lanatoside 0, a 
crystalline cardiac glycoside from Digitalis lanata A dose of 1 6 mg of lanatoside C 
was administeied intravenously' to ten patients with seveic heait failure associated 
with normal sinus rhy'thni. Control teleoroentgenkyniogranis, blood pressure and 
ciieulatioa time measurements were made at the sfait of the experiment All pa 
tients showed a prompt luciease in the stroke xoluine of tlie heart Optimal im 
provement was shown aftei 10 to 00 minutes, the transverse diameters of the lieaits 
were 0 5 to 3 0 am smaJiei than at the beginning of the experiment, and the stroke 
output increased 10 to JO per cent In all cases except one there was a parallel 
increase in blood piessure and a decrease in circulation tune 

Walter Modell and Harry Gold, of Garnell Hniv ersity , reported on the use of 
digitalis to pievent exaggeiotod acceleration of the heart during exercise in 
patients W'lth auiicular fibrillation Gold had previously shown that digitalis 
action on the heart is made up principally of two factors, a vagal factor vhich is 
abolished by atropine, and an oxtraiagal factor not affected by atropine Ven- 
tricular rate is controlled by both factors, the extravagal factor assuming 
greatly incieased prominence as complete digitalization to the point of minor 
toj-io syTuptoms is approached In their present study on eleven patients, Model! 
and Gold found that exeicise to the limits of endurance failed to accelerate the 
ventricle appreciably aboxe 100 a minute when “extravagal" digitalization was 
obtained and that, therefoie, contrary' to the customary belief, the exaggerated 
aceelerat'ioii of the heart during free physical exercise may be satisfactorily con- 
troUed by ‘’■'extravagal, ” that is, complete digitalization m patients with auricular 

hbrillatiou. 

ther paper Janet Travel! and Harry Gold reported on the extent of ab 

lu ano V p- j „galis preparations from the gastrointestinal tract in the cat 
sorption of s ° ^ proportion, usuilly about 25 per cent, of the 

and man. fu lais c j 
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E. Cortsli and E. Gelilbom, from tlie CoIIe^o of ^iedkdaev I’niver^ity uf 
UlittoLs, Ciiieago, called aiteatioa to the fimdamearal liiifereace^ ia the t«a-’c£’.i:jr 
of the autoaomie and the cerebrospinal uervoti# >.ystem> iir cats^ %VaereAs somatic 
movemeati elicited by direct central stimulatioa decliae, tire autoaoaii'; centers 
esiibit an increased excitability during anoxia, 'riiis is characterised by an 
incteasei response of the nictitating membrane, ptloinowr p’aeaoiaeni.'tt, and an 
elevation of blood pressure. Similar difference# ^\ere found during hyper- 
capnia and hypogiycemia. It is assumed that sueh characteristics of the au- 
tonomie sy.-rem make possible the adjustment reactions to alterations of homeo- 
stasis. 


3. G-. Schnedorf and T. S. Orr from the University of Kansas School of lleiS- 
cine, Kansas City, determined the effect of high concentrations of oxygen nron 
shock indnced by trauma, histamine, and hemorrhage. In all instances under 
comparable conditions of blood loss, dogs treated with the inhalatioa of K li 
per cent oxygen survived longer and maintained a higher blood pressure. In ad- 
dition animals so treated mere able to stand the loss of larger volnmcs of blood. 
One hundred per cent oxvgen -ignihcantly in<‘reased the arteriovenous oxygen values- 

That high concentrations of oxygen mhen inspired for prolonged perio'Is of 
time may not have an anmi.ved ble-sing mas inferred by John Hacdolph Pains, 
Ancel Keys, and David 'Lytm, from the University of ilinnesota iledieal School, 
ilinneapolis. Dogs kcfjt in a specially constructed ehamber breath i ng oxygen at 
a concentration of 00 per cent or over invariably succumbed from cardiorespira- 
tory failure in le-s than a week. With the higher concentrations this interval 
mas materially shortened, Uontrol animals respiring air survived michont de- 
tectable deviations from normalcy. .Vutopsv Sciings of those dead irom high 
concentration.- of oxygon, n-iially -homed evidence of pulmonary congestion with 
interstitial edema and potymorfihonncUar cel! infiltration, plus the signs of right 
heart failure. 

Observation- by P, 3, Stc-tnltz. E. S. aiegihom, and L. NT. Katz, of hitchael Kecsc 
Hospital, Chicago, on the change, of dynamics foUoming experimentally pro- 
duced major and multiple minor pulmonary cmhoU suggest that the mechanism of 
death and the circolarory rdreration- are due to the development of an afampt 
and per-i-tcnr, -tolic and dia-tolic pulmonary hypertension, as recorded bv the 
Hamilton manometer i;» ,one-th>-ti/ed and anaae-thetized trained dogs. The hvper- 
ten-ion rnanife-r in fin- !e;->-r cireuit appears related to the amount of mechanical 
ob-truetior. to ir- bioo'l lio/i, IVimlly there is an elevation of respiratorv rate, 
an inerea-e u. i y.ut,i,-i-, and elevation of systemic venous pressure, coincidental 
and progre.-i,e oiih the degree of pulmonary hypertension. The ultimate cause 
of death, with the ezeeption of a fern ammals dving of ventricular fibrillation 
in ezperic.ent.il pulmonary emboii-m, i- failure rapidly or slomlv of the rie-hc 
heart. 


IiJve-t:gatio/i- bv Eobert Dean and ilaarice B. Vzsscher, from the Universitv 
<>i Mini.e-.tu iledi-al .Sehool, Miiuieapoils, on the kinetics of lung ventilation 
u-ing helium or nurogen and ov.-gen muxtures point out that the clinic^ advania-e 
of the former is found, d on the ability of helium to resist turbulence of fiom It 
rate., up >o ti.r.e tins- the value for air. Turbulence in their experience o.-cur- onlv 
m tlie tra.h.a and hifg-r bron.diioles. l-iuce the work reiiuired to maintain I 
turbulent il.o. 1 - gf-Uer tl.an for a -.niilar rate of streamline flow, the -ab-titutiun 
of Lehum .ivvgen mmlores for air ea.-es the respiratory efiorts in cases oflracieal 
oi)-tra.-ti',n. 
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William H. Olson, P. Neuwelt, H. Gutmann, H. Necheles, and S. 0. Levinson, 
of Miuliaol Bccse Hospital, Chicago, noted regularly m miesthefued dogs following 
spontaneous tiaumatic or nioiphme shock an elevation of 100 to 300 pei cent in 
the ciieulatioii time, using: the cyanide method. This circulation tune was etfectivelj 
lowered by an infusion of saline solution, seium or plasma, with tlie duration of the 
change reflecting the efflcacj of the fluid administered, le, following the intraienous 
saline solution the i eduction of circulation tunc was brief, while after an infusion 
of serum or plasma a piolonged impiovement of circulation time was noted 

Shock de' eloping m barbital nnestlictised dogs following repeated henioiihages 
or acute plasmaphoiesis and maintained thualy at a mean blood pressuie of 40 to 
lO mm Hg foi two hours was found by Jacob IVT Werle and Eichard S Cosby, 
of Western Heseire Unueisit^- Sfedical School, Cleveland, to be irreversible de 
spite icintroduction of all the blood oi plasma withdrawn It was felt that the 
failure to lespond did not represent visceral engorgement nor withdrawal of in 
tected fluid by the spleen as detei mined by autopsy findings and nieasuiements 

Henry N. Harkins, E, T. Boals, and C. Frank Cbunn, of Henry Ford Hospital, 
Detioit, studied the fate of fluids injected into animals with traumatic shock and 
vveie in agreement with the idea postulated bj Moon that there is a geneiahzed 
lucieased capillary pieimeability' Whereas in normal animals theie was an 
initial blood concentration following the intravenous injection of concentrated 
plasma, followed by' a gradual retuin to normal values, animals in shook admin 
isteied plasma concentiate developed a sudden transient dilution of the plasma, 
immediately superseded by a reconcentration in the severe cases It was con 
eluded that this lepiescnted a difference in capillary peinieability between noi 
iiials and animals in shock. 

J. D Beale, Jr., L. L Chastain, and H. S Hells, from the School of Medical 
Sciences, Wake Forest College, Wake Forest, N C , pointed out that using barbital 
anesthetized dogs it was possible to elevate the arterial piessuie as much as 64 mm 
Hg by' placing the animal in a Tiendelenbuig position 70° from the horizontal In 
instances of sliock fiom hemorrhage or trauma, vvheie the piessuic was maintained 
below 70 mm. Hg for sev eral hours, inveision resulted in the usual elevation of 
piessure unless vasoniotoi, respiratory, or caidiac failuie had supeivened to i 
seveie degree They' felt that these terininal states could be relieved or postponed 
by keeping the animal in shock in tlie inverted postuie 

Chemical changes vveie studied in dogs subjected to trauma until the caiotid 
aiteiy blood pressure i cached 50 to 60 mm Hg by H Gutmann, William H. Olson, 

H. H. KroII, S O Levinson, and H. Necheles, of Slichael Beese Hospital, Chicago 
A significant diop in arterial CO, and values, simultaneously with an elevation 
of lactic acid concentration and a decrease in pH, not explicable on the h isis 
of the lactic acid accumulation alone, weie recorded Aiteriovenous oxygon dif 
ferences were marked Hemoglobin and hematocrit readings were indicative ot 
hemoconoentration, while the specific gravity of whole blood and plasm.a protoms 
vaiied inversely The plasma potassium lose ternnnally' and also transiently m 
instances of more severe traumatization. 

J F Mannery and D. Y. Solandt, from the Unuersity of Toronto, Toronto, 
ted an increase m serum potassium value in dogs tr.iumati/ed to i shock 
d'pressure Despite restoration of blood pressure and circulation timo 
level bloo p infusion of blood substitutes, the chemical cli.iiiges 

Ce\ en teniporaru> ; ‘ 

ivere but partially reversed. 
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tachycardia in anesthetized dogs who had been thyroidectomized two to four 
weehs previous. There was a prolongation of the effect in animals fed desiccated 
thyroid gland to a state of hj'perthyroidism. 

H. S. Wigodsky and B. P. Phipps, of Northwestern University School of Medi- 
cine, Chicago, studied the ability of the gall bladder to eliminate sediment by 
placing sand in the canine gall bladder and noting the residuum radiographically 
while administering various diets. Ketochol tablets, a choleretic, were signif- 
icantly inferior to a eream-and-eggs mixture in promoting cholecystic elimina- 
tion of sand. Repeated evacuation, not choleresis per se, tends to flush the gall 
bladder. 

H. A. Davenport and E. T. Bothe, of Northwestern University Medical School, 
Chicago, noted the reaction of living bone to several metals and alloys. Two- 
millimeter pegs of the following substances were so placed as to contact the peri- 
osteum, cortex, and medulla in aseptieally drilled holes of the cat femur; Al, 
Ag, Be, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, Ti, W, Au-Pt, Mn-Ti, Cr-Mn, Pe-Ti, stainless 
steel, and vitallium. Two implants of dissimilar metals were usually made in each 
femur. Headings of electrical potential differences between couples of dissimilar 
metals failed to support the idea that electrolysis is the cause of an unfavorable 
bone reaction to an introduced foreign body. 

Ti, Pb, Cr, Al, vitallium, and stainless steel were well tolerated. The authors con- 
cluded ‘ ‘ that living bone reacts to adjacent metal in the manner conditioned by the 
solubility of the metal in body fluids, plus the effects (locally) of salts so formed.” 
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Empliasis was lout to tlie acid factor in the genesis of duodenal ulcer forma- 
tion by tile woHc of Richard L. Varco and C. F. Code, from the University of 
Minnesota Aredical Scliool, Minneapolis. Following the daily intramuscular in- 
jection into dogs of a histamine in beeswax-mineral oil mixture, which calls 
forth a continuous, copious flow of highly acid gastric juice maintained for many 
hours, there developed single or multiple perforating duodenal ulcers in each of 
three animals tested. 

Lyle J. Hay, David Lynn, and Owen H. Wangensteen, from the University of 
Jlinnesota Medical School, Minneapolis, conflrmed these findings in a more ex- 
tensive series of dogs and by applying this method to a variety of animals were able 
to produce gastric and/or duodenal ulcers in pigs, guinea pigs, rats, rabbits, wood- 
chuck, chickens, ducks, calves, cats, and a monkey. 

Prevention of the development of experimental gastrojejunal ulcers in Mann- 
Williamson dogs bj- the use of eutcrogastrone was reported by A. P. Hands, G. B. 
Pauley, Harry Greengard, and A. C. Ivy, from Northwestern University Medical 
School, Chicago. Enterogastrone in an amount known to abolish gastric tone 
and motilit 3 ’' for sixt 3 ’’ minutes and to halve the gastric secretory response of total 
pouch dogs was administered three times daily intravenously. At the end of 
eight to fourteen weeks all twelve test animals had exhibited no untoward re- 
actions and had improved in general physical status without manifesting any 
symptoms of an ulcer. This period definitely’ exceeds the interval required for 
untreated Mann-Williamson dogs to e.xhibit characteristic .symiptoms of ulcer 
formation. 


Senescence has no effect on the empty'ing time of the stomach after a standard 
meal, concluded Edward Van Liere and David Northup, of West Virginia Uni- 
versity, Morgantown, on the basis of fluoroscopic study of tw’elve men, averaging 
70.7 years of age, compared with a group of healthy medical students. 


Keith S. Grimson, Alf S. Alving, and Wright Adams, from the University of 
Chicago, Chicago, reported the effect of total and subtotal sympathectomies on 
the blood pressure of hy'pertensive persons. In the former, with a three-stage 
procedure the entire thoracolumbar chains, splanchnic nerves, and celiac ganglion 
are removed; in the latter, a two-stage procedure, the sympathetic ganglia bilaterally 
below the first lumbar only are preserved. The procedure was limited to 11 pa- 
tients with essential or idiopathic hypertension, 2 receiving all three stages, 7 
two stages, and 2 bilateral lumbar sympathectomy and splanchnic nerve section. 
There was 1 death. Total sympathectomy was demonstrated to be compatible 
with the relatively’ normal existence, where gastrointestinal, urinary’, and respira- 
tory functions remain fairly’ unaltered. Blood pressure values fell to approx- 
imately normal values in 4 of the 9 hypertensives subjected to total or subtotal 
sympathectomies; 3 other patients had a definite lowering of blood pressure post- 
operatively’. The group has been observed two to ten months and in some there 
is a tendency’ to a gradual elevation of blood pressure. Bilateral lumbar sym- 
pathectomy’ and splanchnic nerve section effected but a slight alteration of the 
blood pressure. 


r elopropane augments the adrenalin effect on the autonomic tib.sues of the 
^ 1 rt stated L W. Stutzman, of the University’ of Wisconsin IMedical 
dog’s h^r^is^n -^y^iereas in the unanestlietized animal 0.01 mg. of adrenalin 
School, i „ ■ only escape phenoraen.a, under anesthesia it usually in- 

per kilogram P ^g^j-^icular tachycardia. In studies on the influence of thyroid 
duces multno ,. tachycardia, he noted a shortening of the adrenalin 

on cyclopropane-adrenaun j 
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every opportunity should he taken to strengthen the desire to maintain it.” It is 
also undoubtedly true that in any time it i.s profitable for students of medical 
science to study carefully the great classics of its literature, of which Harvey’s 
De ilotii Cordis is without question one of the greatest, and, perhaps, in the light of 
its time, the greatest of all. 


Office Urology (With a Section on Cysto.scopy). Bj- P. S. Pelouze, Philadelphia, 

19-iO, pp. 766, with 424 illustrations. W. B. Saunders Company. .$10.00. 

This work is a good deal more compreliensir’e than i.s indicated by its title. Con- 
taining, as it does, helpful .suggestions as to nonsurgical therapy and diagnosis, it is 
sure to be especially valuable in general practice and to be of use to anyone who 
treats urological patients. 

Included are sections on the arrangement of the office, on anatomy and physiology, 
on the various diagnostic maneuvers, and on all of the diseases of the urogenital 
tract commonly seen and su.«ceptible of treatment in the office. The section on 
cystoscopy is informative and comprehensive. One cannot but be impressed by the 
author’s sensible views upon such controversial subjects as the endocriaes and 
.sexual problems. He is entirely free from the overenthusiasm and superstitions 
.so often e.vhibited by physicians who dabble in these fields. 

Obviously, no urologist can read a book written by another without finding some- 
thing to criticize; this one is no exception. The relative lack of references to the 
literature is undesirable. Some of the most useful information is a little obscured 
by cumbersome phra.-eology, and the author’s tendency to invent words is at times 
confusing. It is regrettable that he has tried to perpetuate two of urology’s 
hoariest myths ; namely, that sudden emptying of the distended bladder is dangerous, 
and that procaine is an anesthetic when applied topically. It is not clear e.vaetly why 
he omits the sulfonamides in the treatment of gonorrhea confined to the anterior 
urethra of the private patient while employing it in the clinic patient. In the 
opinion of the reviewer, the autlior’s doubts about the possible success of urethro- 
plasty in hypospadias are not justified, and tlie injection treatment of hydrocele 
i.s a little more useful than one would suspect from his book. Many of the illustra- 
tions would be greatl}' improved by the substitution of good photographs for some 
rather poor drawings of pathologic specimeii.s. 

Nevertheless, this book ought to be read by those at whom it is aimed. 


Surgical Anatomy of the Head and Neck. By John Finch Barnhill, Jf.D., F.A.C.S. 
Ed. 2. Pp. 773, with 431 illu.strations. Baltimore, 1940, The Williams & 
Wilkins Co. $l.j. 


This book, a second edition, which is obviously more or les.s a reproduction of n 
seru'.s of lecture.^ given in postgraduate coun-e for otolaryngologi.st.s, is another ap- 
plied anatomy of the head and neck. " ' ^ 

It contains a running description of the anatomy of these parts suitable no 
d.mht. tor the purpose of these lecture.s. The illustrations, mostlv drawn bv’the 
author lum-sclf. demonstrate remarkable talent, but should have been redrnwn’bv a 
protcss.unal ttrt.st for puhlicttlion. They are mostly labeled with numbers, the key 
tor wh.ch ..s g.ven ... the legend Mow the figure. It would be much less aboriou^ 
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Diagnosis and Treatment of Menstrual Disorders and Sterility. By Charles Aiazer 
and S. Leon Israel. Pp. 485, witli IDS illustrations. New York City, 1941, Paul 
B. Iloeber, Inc. $G.50. ’ 

This practical volume summarizes the accepted methods for diagnosis and treat- 
ment of the gj-neeologic conditions about which it is written. History and tlieory 
have been omitted, and it is purely clinical, having been designed primarily for the 
family physician, so that pertinent information is readily available to him. 

Unfortunately, the authors adhere to the older use of the term anovulatory 
menstruation instead of anovulatory bleeding; otherwise the terminology is ac- 
curate tliroughout. Each term employed is clearly defined, immediately familiarizing 
the reader with the condition to be discussed. “Irregular shedding’’ of the endo- 
metrium is not treated here as a separate entity but is merely mentioned by quotation 
from some of its most ardent advocates. 

The sound recommendations for diagnosis and treatment suggest complete and 
careful patient study. Particularly gratifying is it to see this volume, which will 
find wide usage, advocate the routine use of diagnostic curettage even in the presence 
of pathology whicli miglit be responsible for the uterine bleeding. One of the 
specific recommendations for its use is in the patient with known myomata uteri 
in whom the bleeding may be the result of a submucous myoma, but the myomas 
might, on the other hand, be innocently associated with a malignancy of the body 
of the uterus. It is the repetition of such basic principles which will help avoid the 
disasters that are bound to follow when the physician uses radium or x-ray or 
resorts to hysterectomy without talcing time to make a positive diagnosis by methods 
which are available to all. 

Of particular usefulness in everyday practice is the .appendix, wliich lists all the 
commercially available standardized endocrine products and their dosages. The text 
is helpful in. this, since frequently the dosages are given in toini.s of different units. 
Tlie biologic units are all defined, making this book as complete in every detail 
as is possible with relative brevity. 


Anatomical Studies on the Motion of the Heart and Blood. By William Harvey, 
translated with annotations by Chauncey D. Leake, Pp. loO, with 9 illustnUions. 
Springfield, 111., 1941, Charles C Thomas, Publisher. .$1.50. 

\ third edition of the Leake translation of the Harvey ela.s.'.ic i.s proof that 
■ terest in the roots of modern physiology and experimental medicine is not dead, 
'rrr volume like its predece.ssor.s, is Imndsomely printed on excellent paper. It 
- the more important facsimile illustrations from Harvey's original work, 
translator justifies the presentation of a new ciUtion at thh. time in the 
^ V I bee-ins: “In of tlie :ieutc impact of politie.-il and eeonomie 

preface, u Mi cultural relations between couiitrie.s iii;iy be more signilieimt 

events, the les ■ a today’s threat to the achievement of our cultural ideal, 

in the long run • 
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THE BACTERIOLOGY OP PEPTIC ULCERS AND GASTRIC 
JIALIGNANCIES: POSSIBLE BEARING ON COMPLICA- 
TIONS FOLLOWING GASTRIC SURGERY 

GiVBRiEL P. Seley, A.B., JLD.,* Ralph Colp, A.B., M.D., 

Neb’- York, N. Y. 

(Frojti the Surgical Service and the Laboratories of the iilount Sinai Sospital) 

IKTRODUCTIOK 

O URGEONS have always been aware of the clanger of peritonitis fol- 
K-/ lowing operations upon the stomach and duodeniun. Preidrich and 
Weber'- in a review of 207 subtotal gastrectomies for carcinoma reported 
a mortality of 25.1 per cent in which peritonitis was the cause of death 
in (0 per cent of these fatal eases. In resections for gastric idcez* 50 
per cent of the deaths were due to peritonitis ; whereas, in theii' 
duodenal ulcer cases only 20 per cent of the deaths were due to peri- 
tonitis. In spite of the fact that tlie operation of subtotal gastreetomv 
may have been performed with meticulous technique and that the intes- 
tinal sutures were carefully done, leaks along the suture line oecasionally 
developed. These cannot always be ascribed to error's in technique It 
was thought that some of the postoperative complications of this nature 
may be ascribed to die bacteriologic flora of the stomach and duodenum. 
Accordiiiglj , an effort was made to make bacteriologic studies of the 
gastric and duodenal flora and peritoneal fluids during the operation and 
at various times thereafter. 

The Htei-ature on the bacteriolog}' of the stomacli and duodenum 
„i hcaltli and di.scase is voluminous. Cultures have been obtained fof 
gustne eontent.s) by aspiration and from scraping and sectioning 
uleeis and carmnomas either at the operating table or post-mortem 
exuuuii ations. Numerous mieroorganisnus have been recorded; namely, 

•lUUlih Colp Follow in B.icterIoIcis>-. 

Uffcnoil for public.itlon. July 12. 1910. 



StrRGERY 


dbb 


to follo^^ If airoctly labeled at the ead of Hie leads, .vliere space pemitled There 
M a certain supeificiality about the book wliieii is la eontraat to the didactic stjle 
m which it IS wuttcn Some discussions of physiology and patliologj are particu 
iarly notiooablD in this respect. 

Some of the hook was obsolete when published Tlie inde\ is inromplefe 


Diagnosis and Treatment of Arthritis and Allied Disorders. By H Sf Jfargohs, 
Pp. S31, nifh 140 illmstiatioiis New York, N Y, 1941. Paul B Hoeber, Inc 
$7 jO 

Hie .lutiioi has coieied a wide field of niafenal relative to iheumatoid and joint 
diseases Iheie is a good bibliogiaphy eoieimg many phases of the subjects re 
viewed A nuiuher of the author’s conclusions relative to etiology and therapy aie 
controversial, as would be e\pectej of an) work, covering rheumatoid disease at this 
time The chapter lelative to the leeognition and correction of arthritic deformities 
is of special interest .and well illustrated Peilups of greatest interest, however, are 
the eliapteis dealing m sonie detail with shoulder, low back, and sciatic pain, condi 
tions that often lepreseiit difficult problems in diagnosis and manageweat 


The 1940 Year Book of Pathology and Immunology. Edited by Howard T 
Karsner, Professoi of Pathology, Directoi of the Institute of Pathology, 
Western Heserve University, Cleveland (Pathology) , Sanford B Hooker, Pro 
fessor of Immunology, Boston University School of Medicine (Iniinunology). 
Pp. 668, with 113 illustiations Chicago, 1940, Tear Book Publishers, Inc $3 


This IS a new addition to the senes of Year Books The subjects embiace two 
fields of vital impoitance in nioOeiu medicine Both editors aie well known in their 
respective fields 

Dr Karsner has made a comprehensive selection of the literature on pathology 
for the past year oi two One inteiesting and stimulating featuie is the response 
of well known investigators to sumui,iii/e their eoutiibutions rathei than an attemjit 
on the part of the editor to abstiaet then many papers Thus there is a leview 
of "Eamvhal Tumors of the Rabbit,” bj Gieene, “Intercellular Lipoid Protoplasmic 
Reactions,” by Hass, “Evperimanfal Hypertension,” by Kahn, “Prog Carcinoma,” 
by Lucke, and “NeplirotoMc Nephutis,” bj Smadcl Consideration is also given 
to the pathology of tumors and the different systems, with a final chapter on technical 
notes 

The last half of the book is devoted to immunology, which should prove to be 
definitely useful to the pathologist and immunologist Dr. Hooker has reviewed the 
imninnological advancements pertaining to bacterial diseases, viral and rickcttsnl 
diseases, diseases due to protozoa, fungi, and inglier para-ites, and tumors The 
id advancements m immunology are reflected m tiie section in immunocheniistrj 
ttempt has been made to review the recent literature pertaining to therapy with 
1 ^ Ifonamide compounds, and an in.idcquato presentation has resulted because 

*'^n hardly do yustice to the subject by abstracting only eleven original papers 
one can . increased the value o£ this volume by tiieir editorial commenU 

Both au 10 1 , j f anvone who =eeks a concise and authorit Uive revnw 
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toiiiy iirc included, in. this series so that although the bacteiial flora 
was carefully and completely studied, it is of little significance in our 
problem. 

In order to investigate the possible relationship of the bacteriologj^ 
of the stomach and duodenum to postoperative infections, cultures were 
made from all specimens removed by subtotal gastrectomy. In many 
cases throat cultures and postoperative stomach cultures (obtained 
through a Levine tube) were also made. The cases were observed after 
operation for evidences of wound infections, intraperitoneal complica- 
tions, peritonitis, and pubnonary complications. 

METHODS 

The specimens obtained b}' subtotal gastrectomy were received into a 
sterile basin from the operating table. With sterile instruments and 
gloves small sections of the serosa and mucosa were removed and placed 
in plain broth. A section was made of lymph glands if they were 
present, and when no nodes were palpated, a small segment of perigastric 
fat was excised for culture. If contamination of the serosa occurred 
during the operative procedure, only a specimen of mucosa was obtained. 
Sections were taken from either the ulcer bases or carcinoma lesions. 
When no ulcer was present in the resected surgical specimen (many 
ulcers adherent to or penetrating into the pancreas were left in situ), 
the mucosa immediately adjacent to the ulcer was used. Thus, in most 
instances the culture represented the bacteria present in the actual 
pathologic lesion. The specimens were then triturated without delay in 
the broth in which they were suspended and seeded into 1 per cent 
glucose broth, cooked liver broth under a vaseline seal, plain agar, aseitic 
fluid agar, blood agar and endo medium plates, and broth containing 
1 per cent esculin (for the identification of enterococcus). All anaerobes 
were transplanted to fresh blood agar plates and cultured in anaerobic 
jars containing hydrogen for forty-eight to ninety-six hours. 

Anaerobiosis was obtained in a tightl}”^ sealed jar from which the air 
was in part removed by a vacuum pump and subsequently the remainder 
of the air replaced by hydrogen under pressure in the presence of the 
catalytic agent, palladinized asbestos.-®' -• The indicator for anaerobiosis 
was 0.1 c.c. of 1 per cent aqueous methylene blue in 10 e.c. of glucose 
broth which became colorless under anaerobic conditions. Various 
mediums used included Smith-Noguehi, Hiss serum sugar media (dex- 
trose, niannite, maltose, lactose, saccharose), gelatin, litmus milk, and 
ascitic fluid agar. Surface and shake cultures were employed. Iden- 
tification depended on staining characteristics, type of growth, fermenta- 
tion of sugars, acid production, liquefaction of gelatin, coagulation of 
litmus milk, agglutination by specific sera, and tests for animal patho- 
genicity. 
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diplostreptoeoccus/ observed on spreads onlj^, streptococci^ of unde- 
termined type, gram-positive diplococci^’ * as observed on spreads only, 
Streptococmis viridans,^-' enterococcus, «■ “■ Staphylococcus albus and 
Staph, aureus ° Bacillus coli,'^’ B. subtilis,^ B. proteus,^ diph- 
theroids,^ torula,^^ and gram-negative bacilli,’^ as observed on spreads. 
Various authors also have reported on the percentage of sterile cultures 
obtained. Appelmans and Vassiliadis® found sterile cultures in 10 out 
of 23 duodeiral ulcer cases, 3 out of 17 gastric ulcer eases, and positive 
eultrrres in all gastric carcinomas. Their cultures were all obtained 
either from resected specimens bj^ scraping the lesion with a platinum 
loop or fr'onr stomach contents.^ Streptococci were recovered by Rosenow' 
in 42 orrt of 54 cases of gastric ulcers (resected specimens). In 82 per 
cent of gastric ulcer eases and 92 per cent of duodenal ulcer cases 
Lohr'^ found tlie stomach or duodenal contents either to be sterile or to 
contain nonpathogenic organisms. However, he reported that 72 per 
cent of the gastric carcinomas yielded positive cultures, many of which 
were due to B. coli. Hewetson^' in 1904 described a series of cultures of 
the stomach and jejunum taken at operation. Eighteen out of 36 
stomach cultures and 16 out of 29 jejunal cultures were sterile. From 
this work Hewetson concluded that peritonitis following operations on 
the stomach and jejunum was caused by bacteria other than those 
present in these organs. This view has not been supported by the 
subsequent work of numerous authors. In 11 eases (4 gastric ulcers, 

4 duodenal ulcers, 3 jejunal ulcers) Moutier^ found the presence of 
Str. viridans in 10 instances. The relationsliip of gastric juice and 
hydrochloric acid upon the growth of microorganisms in vitro has also 
been exhaustively investigated. In his textbook Rehfuss,® quoting the 
work of Bartle and Harkins, includes a table listing the microorganisms 
compatible with various acid figures. Staphylococci are more resistant to 
hydrochloi'ie acid than B. coli which in turn are more resistant than 
streptococci (tj'^pe of streptococcus not mentioned in text). 

It is evident from this review of previous investigators that there are 


no specific groups of microorganisms responsible for postopei'ative in- 
fections. The microorganisms have not always been completely identi- 
fied.^"’* In many instances the only descriptional terms employed were 
“ o-rain-positive cocci,” “tetrads,” etc. If the cultures were obtained 
thlmwli a stomach tube, there was always the possibility of contamina- 
tion with bacterial inhabitants of the mouth. In some studies only the 
spreads were examined without any attejupt to culture the fiora.>-‘ 
Meleney and associates’® in a review of 106 cases of peritonitis (76 ap- 
Tcal 10 related to small intestine, 6 to gull l)ladder, 6 to colon, 

S miscellaneous) reported B. coli in 87 per cent, Strcplacocciis 
-7 ' 49 ner cent, and B. welcliii in 38 per cent of the po.sitive 

ni ^ peritonitis following subtotal gastrec- 
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Gram-negative rods were further identified by fermentation reactions 
of mannite, maltose, dextrose, saccharose, and lactose, by the indol re- 
action, and finally by agglutination tests. Gram-positive bacilli pro- 
ducing fermentation, acid, and abundant gas in anaerobic cultures con- 
taining sugars wei’e identified as B. welcliii {Cl. perfvingens) by typical 
morphology, liver damage,^^ positive rabbit-liver test,-® gelatin liquefac- 
tion vuthout lysis of coagulated protein^” and well-pronounced capsule 
formation. Staph, aureus and Staph, albus were classified as A 
(pathogenic) or B (nonpathogenic) by the mannite fermentation, liemol- 
j^sis on blood plates, and eoagulase tests.-® All streptococci were classi- 
fied as either viridans (alpha), hemolytic (beta), or anhemolytic 
(gamma) (Brown^’*) . Streptococci of the hemoljdic variety were further 
grouped by precipitation reactions of the crude carbohj’^drate extracts 
with specific antisera (Laneefield-®) and b}" their fibrinolysis of human 
fibrin described by Tillett.-- All strains of Str. hemolyticus I’ecorded in 
Tables I and VI were fibrinolytic and belonged to the Lancefield Type 
A pathogenic for man. 

Acid titrations were made upon the stomach contents following a 
Kehfuss test meal and recox’ded in units of free and total acid. If no 
free acid was present, histamine was always administered subcu- 
taneouslj". 

RESULTS 

A great variety of microorganisms were cultured from the specimens. 
These presuniablj'^ pathogenic microorganisms listed in order of their 
frequenej’' are Str. viridans, Str. hemolyticus, Str. anhemolyticus, B. 
coll, B. welchii. In addition, there were encountered diphtheroids, 
Ilicrococcus catarrhalis, and enterococcus, which are of rather doubtful 
pathogenicity; and also clearly saprophytic microorganisms as B. 
suhtilis, yeasts. Staph, aureus and Staph, alhus of B type.=® 

As may be seen from Table I, positive cultures were obtained in 93.7 
per cent of gastric malignancies, S3.3 per cent of the gastric ulcers, 
36.6 per cent of duodenal ulcers, and 37.9 per cent of secondary or com- 
plicated peptic ulcers. Presumably pathogenic microorganisms were 
recovered in SS per cent of the malignancies and 30 per cent of the 
benign ulcer cases (as a group). In 21 cases in which the lymph nodes 
were” cultured, 25 per cent were found to contain pathogenic micro- 
organisms (71 per cent sterile) (Table I). Specimens of the serosa 
jdelded pathogenic cultures in 15 per cent of 54 cases (37 were sterile) 
(Table I). Cultures of the perigastric fat (16 cases) were sterile in 11 
and contained pathogenic microorganisms in 5 eases (31 per cent) 
(Table I). If contamination occurred in these 5 cases, it is important 
since it indicates contamination during the surgical procedure wliich 
then is a warning to the operator. 
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Table II 


Stomach Cultur es Takb.v bv Levixe Tube Yfteb Operatiox (<J2 Gases) 


Ji. coli ' 

Enteroeoccus 

S. friedliiiuleri 

Sir. hemolyticus 

Sir. aiihemolyiic 

Sir. viritlans 

Ji. welchii 

Staph, aureus (A ) 

Staph, aureus fli) 

Staph, alhus (A) 

Staph, albiis (li) 

S. proteiis 
li. pyocyaueus 
B. suhtilis 
S'eisseria catarrhalis 
Coryuehaoterium hoSykinii 
Saceiuirom3-ces 


Cultures of the stomach contents obtained by Levine tubes within 
twenty-four houis aftei’ subtotal gastrectomy wei'c made in 62 cases and 
are summarized in Table II. B. coli was cultured forty-six times and 
enterococcus Uventy-nine times in addition to a great variety of other 
microorganisms. No cultures were sterile. It may be stated, therefore, 
that following subtotal gastrectomy, the Rora of the stomach closely re- 
sembled that of the intestinal tract below the duodenum regardless of the 
tj'pe of lesion encountered or the preoperative acid figures. Tims one 
maj^ deduce that a free exchange of bacteria occurs at tlie gastro- 
enterostomy stoma. 

Throat and stomach cultures with particular reference to Sir. hemo- 
Ixjticus Avere performed in 41 patients. These cultures were taken over 
a period of two years. Positive throat cultures were obtained each 
month as follows: Jan. 2, Feb. 3, March 2, April 3, June 1, Oct. 2, Nov. 
1, and Dec. 1. In only 3 eases (7.3 per cent) was there found Sir. 
Imnohjticas in the throat and stomach of the same individual. On the 
other hand, 12 patients had Str. hcmolyticns in the throat and no 
hemolytic streptococci in the stomach. In this series the presence of 
hemolytic streptococci in the throat apparently had no significant bear- 
ing to the incidence of complications. 

Table I shows the relation between free acid figures obtained by 
Kehfuss test meal and tJie percentage of significant cultures jireseut. 
The oiitstaudiug fact is the high percentage (S8 per cent) of pi-e.sumably 
pathogenic microorganisms pre.sent in the carcinoma ea.sc.s in which 
the acid figures are extremely low. In tin* simjile and complicated uleei-s 
the acid figures were very similar, but tJie pereentage of .significant posi- 
tive cultures varied from 17 per cent in the simple duodenal nleer.s- 
to 50 per cent in .simpie gastric ulcers. One must a.ssume, therefore, that 
the actual amount of free acid present in the stomach is not an im- 
portant determining factor which controls the Imetcfiid Horn of the 
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gastric and duodenal lesions. Hoi-slej-,-® Laher,-* and others have sug- 
gested preoperative lavage and instillation of weak hj-droehloric aeid 
solution in carcinoma cases in an effort to sterilize the stomach. The 
baeteriologic studies herein reported support the mew that earcinoina 
cases have a A'ery high percentage of positive cultures (93 per cent). 
Further study using our method of taking cultures of operative speci- 
mens as already described luider Methods is necessary to state ac- 
curately whether there ivould be a decrease in the number of luicro- 
organisms and postoperative infections with their routine. 

An attempt was then made to correlate these operative baeteriologic 
findings with the postoperative course of the patients. The possible 
relationship betiveen the type of nucroorganisms and the postoperative 
complications is made in Table III. The observations seem to show 

Table III 

Microorganisms and Clinical Course Correlated 

ATJCROOBGANISMS i NOMBEB OP COMPLICATIONS THAT DETCLOPED 


CULTURED AT OP- 
ERATION IN CASES 
DEVELOPING 
COMPLICATIONS 

^YOUND 

INFECTIONS 

(12) 

INCIDENCE 

PULMONARY 

COMPLICATIONS 

(16) 

INCIDENCE 

ABDOillN.VL 

COMPLICATIONS 

(16) 

INCIDENCE 

SIORTALITV 

(15) 

IXCWEXCE 

str. viridans 


2 2/22 

2 2/22 

7 r/22 

Ci. perfringens 

3 3/ S 

2 2/8 

! 3 3/ S 

3 3/8 

(B. weMiii) 





Str. hemolytievs 

2 2/14 

1 1/11 1 

2 2/14 

3 3/14 

E. coil \ 

3 3/8 

2 2/ S 

3 3/ S 

1 1/ S 

Sir. anhemolytic 

2 2/10 

1 1/10 

3 3/10 

0 

Staph, albus (A) 

0 

2 2/ r 

0 

0 

Staph, aureus (A) 

0 

0 

0 

1 1/4 

Enterococcus 

0 

0 

0 

1 1/ I 

B. friedliindcri 

0 

0 

0 

0 

Staph, athus (B) 

1 1/21 

i 1/21 

1 1/21 

1 1/21 

B. subiilis 

1 1/ 8 1 

1 1/8 

1 1/ 8 

0 

Staph, aureus (B) 

0 

0 

0 

0 

Corynehacterium 

0 

1 1/14 

0 

0 

hodgkinii 





Saccluironiyces 

0 

1 1/6 

0 

1 1/6 

Xeisseria catar- 

0 

0 

0 

0 

rhalis 





Sterile 

1 

4 

1 

3 


that there was a greater incidence of wound and intra-abdominal infec- 
tions in those cases in which positive cultures were obtained at operation. 
Tlie presence of Sfr. viridam), B. ivelchii, Sfr. hemohjtkns, B. coli, and 
Str. nonhcmahjticus (i.e., indifferent gamma of Brown) alone or in com- 
Innation were particularly significant. Considering the individual com- 
plications, tlie microorganisms listed above were present alone or in 
combination in 9 out of 12 patients (75 per cent) with wonnd infections, 
12 out of 16 patients (75 per cent) with intra-abdominal complications! 
10 out of 15 (66% per cent) of the deceased patients, and in only 6 out 
of 16 patients (37.5 per cent) ivith pulmonary complications. 
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Table IV 

PjiEUOMINANl' JliCKOOKOANjSMS PRESENT IK WOUKD iNl’ECTIONS 

(Cultures in 8 Cases) 

MapliT aurcux (dT 
B. laelchii, B. coli 
Enterocoucus, B. coli 
S, welchii, Sir. hemolyticiis 
B. protons 



III Table IV are listed the important microorganisms eiiltiired from 
wounds in 8 cases which developed wound infections (4 wound infections 
not cultured). In 3 of these S the similarity between tlie stomach and 
wound, cultures was either partial oi' complete. One wound infection 
showed Bit', hemohjticia and in this case neither the stomacli nor throat 
oontained this microorganism. 

HoAvever, even without close correlation of the bacteriology in wound 
infections in these cases, one may assume that the presence of these 
microorganisms in tiie stomach and duodenum predisposes to postopera- 
tive complications related to the operative site (duodenal leak, peri- 
tonitis, and wound infections). 

In an analysis of the 15 fatal cases (Table V) 8 deaths (53 per cent) 
could be asei'ibed to intraperitoneal infections (5 proved by post-mortem, 

2 by abdominal puncture, and 1, clinically). Of the remaining 7 
patients, 2 died of bronchopuemionia ; 1 of functional obstruction; and 
the cause of death was not defhiitely determined in 5 patients upon whom 
no post-mortem exainmntion was performed. In the 8 patiente suc- 
cumbing to peritonitis, the following microorganisms were cultured from 
the operative specimens; B. welchii (8 times), Sir. hemolyticiis (4 
time.?), Sir. viridans (5 times), which seemed then of importance in 
considex'ation of postoperative mortality from peritonitis. It is also of 
interest to note that in 5 deceased patients in whom death could not be 
definitely ascribed to peritonitis, B. ivcleldi was present in cultures other 
than those taken of specimens at operation (one obtained by abdominal 
puncture postoperativelv, one at post-mortem, one by .stomach tube 
postoperatii’oly, and turn in wound infeetions). 

In our series one is imprp,s.sed by the fact that in the 7 oases in which 
S. welchii was cultui'cd, moi-biditr and mortality rates were liiglier. 


Every patient in wliom B. welchii was rorovered at operation either 
developed some serion.s complication or died. If seems reasonable, thoro- 
fove to assume that if this microorganism is present, potential danger 
exists and may be of significant prognostic %alue. Followin'' subtofai 
gastrectomy there is always a certain amount of devitalised tEsiie upon 
which these airaerobic organisms tlmii'e. A.sa ivmiU, a dehisecnee either 
f rlimdenal closure or the enterostomy .suture line occurred in 5 eases 
^ 1 leak (1 case) and loralixed peritonitis with siibj.lireiiie 

“IT)' : ' «,.<) d«l), (3 A, I,.., 

abscess (i case; ui j. 
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Table V 


Analysis of All Deceased Cases 


LBSWN 

CAUSE OP death 

CULTURES and RE-MAKKS 

1. Ljiuphosarcoina*! 

Peritonitis; deliiscence of 
all suture lines 

B. weJchii, Str. hemolyti- 
cus, Str. viridans 

2. Infiltrating adeno- 
carcinoma with 
nodes* t 

Pentomtis; broncUopneu- 
nionia 

Str. hemolyticus, Str. 
viridans, (B. uietchii, 
B. coU at post-mor- 
tem) 

3. Infiltrating scir- 
rhous; adenocar- 
cinoma with nodest 

Peritonitis clinically; no 
post-mortem 

Str. hemolyticus^ Sir. 
viridans (B. welchii, 
Levine tube postoper- 
atively) 

4. Infiltrating adeno* 
carcinoma 

Cause ( ?) ; no post-mortem 

B. coU, enterococcus 

5. Adenocarcinoma*! 

Peritonitis; (S. welchii in- 
vasion of jejunum, dehis- 
cence of duodenal stump) 

Str. viridans (premortem 
abdominal aspiration 
B. welchii) 

(■>. Secondary gastrec- 
tomy for jejunal ul- 
cer t 

Peritonitis (no post-mor- 
tem) (abdominal culture 
at death revealed pus) 

B. welchii, Str. viridans 

7. Secondary gastrecto- 
my (chronic duoden- 
itis) ; no ulcer on 
specimen 

Cardiac ( f ) ; second day- 
after operation; no post- 
mortem 

Sterile at operation 

8. Bleeding duodenal 
ulcer (chronic gas- 
tritis, ulcer left in)*t 

Peritonitis (duodenal leak) 
(B. coK and enterococcus 
at post-mortem) 

Teast (B. welchii in 
wound) 

9. Secondary gastrecto- 
my for chronic gas- 
tric ulcer 

Rheumatic cardiac ( 7) 

(died third day; no post- 
mortem) 

Str. hemolyticus, Str. 
viridans 

10. Bleeding ulcer 

Hemorrhagic bronchopneu- 
monia ; abdomen clean, 
sutures intact 

Staph, albus (B) 

11. Secondary gastrec- 
tomy* t 

Peritonitis; dehiscence of 
duodenal stump 

B. welchii; post-mortem 
B. welchii and B. coli 

12. Gastrectomy (sec- 
ondary) and cntero- 
cnfcroHtomy 

Punetioual obstruction with 
vomiting, alkalosis, etc. 

Sterile (B. welchii, B. 
coli in wound) 

Id. Chronic peptic ulcer 

Pneumonia; peritonitis( ?) ; 
no post-mortem 

Sterile 

H. Chronic duodenal ul- 
cert 

Metastatic Str. liemotyticus 
peritonitis (from throat) ; 
no post-mortem 

Staph, aureus (J } 

15. Polypoid carcinoma 
with nodes 

Died second day postoper- 
ative; shock; tempera- 
ture, 106.8” P,; abdomen 
scaplioid; no post-mortem 

Str. viridans and Corync- 
iactcTium hodykinii 

•Proved by i5ost-/norte,n examination, 
t Death ascribed to peritonitis. 
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alieady been stated in the introduction, a great number of mierooi'gau- 
isins have been reported as being cultured from the stomach and duo- 
denum, but 5. welchii has not been previously recorded to our knowledge. 
Preidrich and Weber,^' for example, reported cultures on 25 gastilc 
cases in which no anaerobes wei’e recovered. 

We feel that the finding of Ji. welchii in the cases herein reported was 
unexpected and of real clinical significance when found. 


DISCUSSION AND CONCLUSIONS 


The bacteriologie studies reported suggest several precautions and 
therapeutic innovations in operations on the stomach and duodenum in 
an effort to avoid postoperative morbidity and mortality. 


1. Contamination of the peritoneal cavity and abdominal wall by 
gastric and duodenal contents should be avoided in view of the possible 
infeetivity of these contents (93 per cent of tlie gastric malignancies, 
83 per cent of tlie gastric ulcers, etc., showed positive cultures from 
the lesions which are in turn bathed by intralumenaiy fluids) . 

2. Inasmuch as 25 per cent of the nodes may contain microorganisms 
of presumable pathogenicity, one should treat tJie nodes and material 
contained in them as potentially infective. 

3. Drainage of the peritoneal cavity down to the duodenal stump (to 
allow avenue of escape if leak occurs) or site of gross contamination by 
means of a lateral stab drain seems advisable, especially when there 
is some doubt as to the reliability of the suture lines. Whether the 
duodenal ulcer is completely excised or left in situ (iinscJiaultung), the 
line of stomach resection, if feasible, should be made far enough away 
from the actual ulcer. This should be done because these tissues are 
less infected and healing is therefore better. The digestive action of 
pancreatic ferments, undue tension, and interference with blood supply 
are certainly important factors which contribute to the reliability or 
lack of security of tlie duodenal stump closure. The presence of 
pathogenic bacteria at or near tlie suture line may be another factoi'. 

4. Since 93 per cent of the gastric malignancies had positive eultui’cs, 
an “aseptic” method of resection similar to that used in colonic resec- 
tion may be of advantage in gastric carcinoma eases. The Pct/d" or 
similar apparatus may solve this problem. 


5 In view of possible B. ivdchii infection in a certain number of 
cases tension at suture lines or strangulation of ti.s.suc may prove 
dmmerous (7 of 85 eases had B. welchii present whicli organism thrives 
dead tissue). The use of B. welchii antito.vic sera pz'ophyJactieally 
therapeutically in gastric eases is being seriously considered pro- 
^dded of course, ' sez'a of sufficient potency may bo secured. 

' T -■ V of previous expez-ionee with sulfanilamide as a preventive 

6. In neritoiiitis in colon surgery, this drug ziow is being 

measure against peiuui. 
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administered to a series of gastric cases before operation. Since sulfanil- 
amide is effective against the Sir. hemolyticus and has also been used 
Avith some success both clinically^’' “ and experimentally^’’ against 
B. welcMi, it may prove of real value, particularly in the carcinoma cases 
Avhich are heavily infected with both of these pathogens. 

SUMMARY 

1. Pathogenic microorganisms are frequently present in gastric and 
duodenal lesions (88 per cent of the malignancies, 30 per cent of the 
benign ulcers). 

2. Postoperative complications and mortality rates appeared higher 
in eases with pathogenic microorganisms (streptococci of all varieties, 
B. welchii, B. coU, alone or in combination). 

3. B. ivelchii indicate a grave px’ognosis Avhen cultured from the 
stomach and duodenum at operation. 

4. Low gastric aeidit}* and a high percentage (88 per cent) of patho- 
genic microorganisms in carcinoma cases are noteworthy. 

5. Cultures of the stomach after subtotal gastrectomy show intestinal 
microorganisms. 
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LEIOlIYOaiA ilALIGiYUM OP THE STOMACH 

Frederick Christopher, M.D., E. L. Bexjamik, SI.D., axd 
Louis W. Sauer, M.D., Evanstox, III. 

(From the Northwestern University Medical School, and the Fvanston Hospital) 

N EOPLASjMS of the smooth muscle of the stomach may be elassified 
as: (1) benign leiomjmma, (2) leiomyoma maligmim, (3) metas- 
tasizing leiomyoma, and (4) leionij’osarcoma. It is onr purpose in this 
paper to report a gastric leiomyoma which had characteristics that 
stamped it as malignant and whose picture did not conform with that of 
a sarcoma. 

In 1936 Conway^ eoUeeted reports of 56 cases of leiomyoma of the 
stomach and added 2 eases of his own. These tumors were encapsulated 
and nodular and bidged on section of the surface. Some were external 
and projected into the peritoneal eavitj^; others were internal and 
invaded the lumen of the stomach and occasionally were accompanied 
by mucosal ulcerations. The tumors varied in size and were sometimes 
multiple. The distribution as to sex was practically equal. Some of the 
tumors caused pyloric obstruction. Conway failed to include the gastric 
leiomyomas reported by Down,- Meyer and Rosi,® Martinez and Minn- 
haar,'* Villata,® Willis,® Davidson,’ Leon,® McCarthy,® Denham, “ 
Kohno,’’ Zakharov,’® and Millar.*® The studies of Rieniets** would seem 
to indicate that leiomyoma of the stomach is much more common than 
has been thought. In the first 100 consecutive post-mortem examina- 
tions performed at the ilaj'o Clinic in 1928, 21 leiomyomas were found 
in 16 stomachs. A second group of 100 stomachs were found to contain 
22 leiomyomas in 16 stomachs. Thirty-four additional leiomyomas in 
30 stomachs were found in a third group of unmentioned size. In ail, 
77 leiomyomas were found in 62 stomachs. In 50 cases there was a 
single tumor ; in 9 cases, 2 tumoi-s ; and in 3 cases, 3 tumors. There were 
43 males and 19 females. The average age was 59.17 years. Rieniets** 
described a fourth group of 21 leiomyomas removed at operation. In 
14 of these cases the tumors were removed primarily because of their 
size and 7 were removed secondarily in the course of other operations. 
The average age in these cases was 51-48 years. 

In 1932 Llelnield® reported a case of benign metastasizing leiomyoma 
of the stomach in which there were metastases in the livei-. Davidson’ 
describes the x-ray signs of gastric leiomyoma as: “(1) regular filling 
defect usually between intact curvatures (particularly with submucous 
growth s) ; (2) signs of external pressure (particularly in pedunculated 
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subserous growths) , (3) abnormally devious but intact rugae (particu- 
larly in submucous growths) ; (4) crater formation (where ulcera- 
tion has occurred) ; (5) block in peristalsis (particularly in mural 
types) ; (6) filling defects in other organs (notably in duodenum in 
intragastric pedunculated growths) ; and (7) obstruction at cardia and 
pylorus.” 

Since the publication of Conway’s paper, eases of gastric leiomyoma 
have been reported by ilallory,’® Lindquist and Mock,” Hartman and 
Camp,” Mott,” Sworn and Cooper,^ Toland and Kroger,-^ and Collins 
and Collins Pure leiomyomas of the stomach were found 6 times 
during the period from Jaii. 1, 1936, to Nov. 28, 1940, at the Evanston 
Hospital. They occurred twice in the e.x'amination of 7,827 general 
surgical specimens and 4 times in 653 necropsies, a total incidence of 
0.07 per cent. 

CASE REPORT 

AT. H., aged 11 years, was admitted to the Evanston Hospital on Oct. 3, 103S, 
complaining of vomiting of two days’ duration and a mass iii the stomach. The 
liistory was as follows' The child was delivered noimally and had liad an entirely 
uneventful period of growth and deielopnient up to the present time On Aug. 
25, 1938, she had a bout of "intestinal flu,’’ during which she had postcibuni 
vomiting for five days. This cleared up with the use of barley water. There 
weie no other associated abdominal symptoms. At noon on Oct 2, after h.uiiig 
taken canned peach juice, the patient had an attack of nonprojectile involuntary 
emesis of brown fluid, this was not preceded by nausea. At 7.00 PJr. of the same 
day she vomited again, several hours after liaMug eaten dinner At 2 o’tloik 
the following afternoon (the day of admittance to the hospital) she again vomited 
and the material was found to contain blood. 

Inventory by systems showed a loss of 4 pounds in weight during the attack 
of vomiting in August This had been reg.iiued. There were no symptoms refer 
able to the head or to the cardiorespiratory system Tliere were no gastrointestinal 
symptoms other than those referred to, no change of appetite, no food sensitiMty, 
no belching. There were no genitourinary or neuromuscular symptoms. Tlie patient 
had had measles "three years previously Her tonsils and adenoids li.id been re 
moved when she was 3 years old 

Physical examination revealed a well dei eloped, moderately well nourished, in 
telligent, cooperatne girl, who was apparently iii excellent health The only tig 
iiificant findings were a slightly injected pharynx and ceriital Ijmph glands that 
were small, discrete, firm, and bilaterally p.ilpable, being more marked on the left 
side The chest and heart were normal The abdomen showed no marked tender 
ness or rebound phenoinena In the epigastrium there was palpated an clong.it c, 
firm niocable, nodular, slightly tender mass, .ibout 21/fi by l{h iiiilies, which seemed 
to be in the pyloric end of the stomicli and which moced with respiration. The 
bdonien was not distended, hut there w.is some fiillnOM in the right upper r/uiidr.mt. 

V ristaltic waxes or dilated w nes were seen The abdominal sounds were normal 
There were a few palpable inguinal glan.N The reflexes were physiologic. So 
other significant findings were elicited. 

imiiiatioii rexcaled a tumor mass emro.ichmg on the iluoileit tl hull, 
Xray ex. . ,,tomacli trom the les-er curvature. It could not be 

antrum, an o y , xxas intrinsic or extrinsic and wh.it its nature w.is. 
determined xvhetUer tae 
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Examinatiott of the blood showed 4,390,000 red blood cells, 90.9 per cent hemo- 
globin, and 9,250 white blood cells. Examination of the emesis fluid revealed a 
few red blood cells but a plus-3 benzidine test. The feces and urine were normal. 
The diagnosis was gastric neoplasm of unknown nature. 

Laparotomy was performed on Oct. 4, and a large tumor presented on the out- 
side of the lesser curvature and a tumor mass projected into the cavity of the stomach 
from the lesser curvature. Gastric resection (Hofmeister-Polya) with anastomosis 
of the jejunum and proximal portion of the stomach was carried out. The patient 
was given 250 o.c. of blood during the operation and 250 c.e. postoperatively. Xo 
postoperative Wangensteen suction was employed. The patient made an entirely 
uneventful recovery. 

On June IS, 1940, the patient was in fine health and weighed 9114 pounds, a 
gain of 21% pounds since November, 193S. There was no evidence of recurrence 
on physical or x-ray examination at that time. Twenty-five months after the 
operation was performed the patient was well and was clinically relieved of the 
disease. The prognosis, however, is guarded. 

The pathologic report on the specimen removed was as follows: 

Gross Description.— The resected portion of the stomach consisted of the pylorus 
and antrum and a portion of the fundus (Fig. 1). The greater curvature was 13 
cm. long; the lesser curvature, 11 cm. long. A nodular tumor mass arose from 
the lesser curvature and 2 to 3 cm. of the adjacent anterior and posterior walls 
of the stomach. Toward the pyloric end the tumor grew outward for a distance 
of 2.5 to 3 cm. to form daughter nodular masses and, at a point approximately 
4.5 cm. from the pylorus, it measured 4.5 cm. Numerous engorged blood vessels 
coursed over the tumor beneath the granular, yellow-pink serosa of the stomach. 
The red to yellow-gray capsule was 1 to 2 mm, thick. The anterior portion of 
the large tumor presented a subcapsular cyst 2.5 by 2 cm. Two to three centimeters 
of the fatty gastrocolic ligament was attached to the specimen. Numerous en- 
gorged, tortuous vessels passed from the gastrocolic ligament into the wall of the 
anterior and posterior surfaces of the stomach. 

When the stomach was opened (Fig. 2), a smooth, oblong tumor was seen pro- 
jecting into the lumen. The distal border abutted against the pylorus. This tumor 
was 7 cm. long and 3 cm. wide and protruded 1.5 to 2 cm. into the lumen of the 
stomach. It was covered with a smooth, yellow-pink mucosa. The summit of this 
tumor presented a recent hemorrhagic erosion of the mucosa, measuring 12 bv 10 
mm. The muscularis of the pylorus was 6 mm. tlrick; the mucosa, 2 mm. thick; 
and the muscularis of the fundus, 3 mm. thick. The mucosa was thrown into folds 
10 mm. high. E.xcept for the aforementioned features, the remainder of the nor- 
mal gray-pink mucosa presented numerous rugae. The iutragastrie tumor was sit- 
uated in the magenstrasse and bulged more toward the anterior than toward the 
posterior surface. 

Bisection of the cxtragastric tumor protruding from the lesser curvature ex- 
hibited a fleshy, yellow-white, semifirm, fairly homogeneous structure ■nith an occa- 
sional small area of cystic degeneration. Three cysts, measuring from 10 to 20 
mm. in diameter, were lined with glistening neoplastic tissue and filled with bloody 
serous fluid. The small contiguous daughter nodules were composed of homogeneous 
material similar to that described in the first mass. The intrinsic tumor was con- 
tiguous with the extrinsic tumor. 

ilicroscopic Description . — Sections from the intragastric portion of the tumor 
presented one margin covered by an intact gastric mucosa (Fig. 3). The en- 
gorged, edematous interstitial tissue of the membrana propria exhibited a slight 
rounJ-cell infiltration. The normal muscularis mucosae in this section could easilv 
bc identified. A narrow layer of edematous submueosa separated the muscularis 
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mucosae from the upper margin of the tumor. The tumor contained a moderate 
number of tlun-walled, small, slitlike to oval endothelial-lined spaces. In the main 
the tumor was composed of anaplastic mesenchymal cells exhibiting considerable 
hypercbromatism, numerous mitotic ligures in the prophase, and slight variation 
in size and shape (Mg. I). The numerous anaplastic cells had an irregular, round 
to oval, smudgy, basophilic nucleoplasm surrounded by a blue-pink, homogeneous 



Pig. 3. — ^I,eiomyoma malignum. Section showing covering of intact gastric mucosa. 



Pig. l.—Lciomyoraa malignum. High power section. 
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cytoplasm. The more mature cells, were elongated and resembled smooth muscle 
Cells. Their blunt, cigar-shaped nuclei presented a uniform distribution of baso- 
philic chromatin with pale blue interstices, a definite nuclear membrane, and an 
occasional deeper blue-black nucleolus located near one pole. Slender, fibrillar, 
pirik cytoplasmic processes arose from the more mature cells. The latter were 
growing in bundles or interlacing fasciculi separated by a delicate fibrous connec- 
tive tissue and small capillaries. Occasionally the more anaplastic cells e.vhibited 
multinucleated giant cells. 

Masson’s trichrome stain identified the tumor cells as composed of smooth mus- 
cle. Delicate myoglia fibrils were demonstrated in the more mature muscle cells. 
Mallory ’s phosphotungstic-acid hematoxylin stains, although unsatisfactory, revealed 
blue myoglia fibrils. 

Sections from the pyloric wall contained normal mucosa and an edematous, 
widened submucosa with engorged vessels and hypertrophy of the muscularis. No 
tumor cell emboli were seen in the veins or lymphatics. 

Although no nietastases were apparent during the operation on this child, it is 
thought that the diagnosis of malignant leiomyoma is compatible with the gross 
and microscopic features present in the tumor. 
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THE EFFECT OF COLLOIDAL ALUJIINUM HYDEOXIDE ON 
CERTAIN ASPECTS OP BLOOD COAGULATION 


Maurice T. Pliegelman, jM.D., LiuEiAif IM. Panzer, B.A., and 
Jonathan E. Rho^uds, M.D., Philadelphia, Pa. 

(From the Harrison Department of Surgical Sesearch Schools of Medicine, 
University of Penjisylvania) 

I N RECENT years colloidal aluminum hydroxide has been advocated 
clinically in the treatment of bleeding peptic ulcer.'’ - At the same 
time it has been advocated in the laboratory for the total inactivation of 
prothrombin from blood plasma.® As prothrombin-free blood is incoagu- 
lable under physiologic conditions, it seemed important to determine 
whether the anticoagulant properties of aluminum hydroxide had any 
practical effect on bleeding time in the experimental animal. Further- 
more, the closely related substance, aluminum oxide, was found by Dam 
and Sehpnheyder' to reduce the activity of vitamin K concentrates 
under certain conditions. Consequently, before giving patients alum- 
inum hydroxide over long periods of time, it seemed worth while to 
determine whether it might have a destructive effect on vitamin K under 
controlled dietary conditions. The following experiments were per- 
formed to answer these questions. 

EXPERDIENTAL 

Two commercial aluminum hydroxide preparations were tested. They 
were creamalin (Alba Chemical Co.) and amphojel (Wyeth). Both 
preparations contain finely divided aluminum hydroxide with flavoring 
material. One part of either of these compounds was found to inactivate 
the prothrombin in ten parts of human or dog plasma after five minutes’ 
shaking. The prothrombin determinations were done by the method of 
Quick.® 

Experiments on Bleeding Time in Bogs . — The effect of amphojel and 
creamalin on the dm-ation of bleeding from skin incisions was measured 
as follows: Healthy dogs were anesthetized by the administration of 
sodium amytal intraperitoneally and the abdominal walls were cleanlj’- 
shaved. Incisions 2 cm. long were then made through the skin in pairs. 
The two incisioiLs were placed equal distances from the linea alba but 
on opposite sides. One incision of each pair was used to test the effect 
of an aluminum hydroxide preparation on bleeding time and the other 
was treated in the same manner uith physiologic saline solution as a 
control. It was believed that untreated incisions would not provide a 
tail contiol because the effect of evaporation might hasten coagulation 
^^t was anticipated that a suspension of particles would tend to hasten 

Kccelveil Cor pubUcation, Nov. 25» 1940. 
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coagulation, but as a suspension of any material other than aluminum 
hyclroxide would introduce a new variable, it was decided to use phy- 
siologic saline solution in the control experiments. 

The amphojel, creamalin, and saline solution were applied to the in- 
cisions by a slow drip from separatory funnels placed just above the 
skin level. The rate of drip in the test and control incisions Avas the 
same. In each dog eai-e ivas taken to apply the test substances to some 
incisions on the right side and to others on the left side. The blood was 
sponged aAvay from the animal’s flanks Avhen it ran doAvn, but the in- 
cisions themsehms Avere not sponged. The bleeding time Avas measured 
from the time of incision to the time the blood stopped floAAung. The 
fluids that dripped on the Avound tended to Avasii aAvay some red cells 
from the clot even after bleeding had stopped, but the end point Avas 
reasonably distinct. 

The 68 control incisions bled for an average of 6 minutes and 32 sec- 
onds. The 68 incisions treated Avith one or the other of the aluminum 
hydroxide preparations bled an aAmrage of 12 minutes and 42 seconds, 
or an increase of 94 per cent. The 43 incisions treated Avith amphojel 
bled for a mean period of 13.7 minutes and the 25 incisions treated until 
creamalin bled for a mean period of 10.9 minutes. 

The effect of these preparations Avas then tested on incisions made in 
the mucosa of the small boAvel. In some of the animals the loops of the 
bowel Avere exteriorized Avith an intact blood supply after preliminary 
enteroenterostomy and the exteriorized loop opened after the Avound had 
healed. In other animals acute experiments Avere done. A loop of jeju- 
num Avas draAvn out and opened along its antimesenteric border, and the 
mucosal incisions Avere made at once. 


In all of these experiments the parallel pairs of incisions Avere placed 
at approximately equal distances from the mesenteric attachment. The 
incisions Avere about 1 to 1.5 cm. in lenglh. The mean bleeding time 
from 14 conti’ol incisions Avas 61.4 seconds. The mean bleeding time 
from 8 incisions treated Avith creamalin Avas 61.6 seconds. 


Experiments on the Effect of Alnminnm Hi/droxide on the Activity 
of Yitamin K. — K avitaminotic Avhite rock cockerels Avere obtained by 
•n-OAving one-day-old birds in false-bottom cages on Ansbacher’s K, diet. ' 
The water Avas changed three times a day and fresh diet Avas supplied 
tAvice daily. After eight days blood fi’om the cervical vessels of .sample 
chicks AA’as collected in evaporating dishe.s. Coagulation time exceeded 
thii'tA^ minute.s, the criterion of K avitaminosis accepted by Ansbaclier. 
Thirteen of the chicks Avere then giA-en vitamin K in the form of cerojjbyl 
til the nroportion of one part to one Iniiidred parts of diet. Cerophyl is 
preparation of dried cereal plants which has been ii.sml by us a-s a 
‘ P P . q'lie amount u.sed Avas at least loiii' tunes the 

source 0 ‘ j.hick.s from IC avitamino.sis. Anotber group 

amount necessaiA to pi«n 
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of 17 chicks was given the same amount of eerophji to which iiad been 
added creamalin. The I’esulting diet contained Ansbaeher’s diet,® one 
hundred pai’ts; cerophyl, one part; and creamalin, ten parts. After 
four days 3 chicks from each of the three gi’oiips were tested for K 
avitaminosis. Those on the Ansbaeher diet alone showed clotting times 
of over thirty minutes. Those with the 1 per cent cerophyl supplement 
had clotting times of less than ten minutes, and those of 1 per cent 
cerophyl plus 10 per cent creamalin also had clotting times of less than 
ten minutes. 

It was evident from these results that creamalin did not interfere 
with the action of vitamin K in the form of cerophyl in the proportions 
u.sed, and the proportions were selected with an excess of the aluminum 
hydroxide preparation and a very moderate dose of vitamin K. As these 
two ingi’edients were thoroughl 3 f mixed before being added to the Ans- 
bacher diet, there was every opportunit}’- for the action of creamalin. 

The remaining birds which had not received ^dtamin K were treated 
with 2-methjd-l, 4-naphthoquinone in the proportion of one part per 
million of diet. Pour of the 6 birds received a 50 per cent supplement 
of creamalin which was mixed with the vitamin K substitute before be- 
ing added to the diet. The 2-methjd-l, 4-naphthoquinone had a curative 
effect in all of the chicks regardless of whether or not aluminum hy- 
droxide was present. The findings in this small group of chicks con- 
firmed the experiments in which eerophjd was used. 


DISCXJSSIOX 


The difference in the bleeding time of the skin incisions ti’eated bj' the 
aluminum hjulroxide prepai-ations seems rather striking, but the varia- 
tions in indiridual bleeding times were so great that the results do not 
have statistical significance; that is, the difference of the means is less 
than twice the standard error of the differences. 

The bleeding time of incisions in the jejunal mucosa appeared not to 
be influenced hy the application of an aluminum hj'droxide cream. 
Neither of the conditions used approximates the bleeding which takes 
place in certain peptic ulcers in which a sizeable artery is often eroded 
in a crater which is semirigid as the result of the infiltration of the wall 
of the ulcer with scar tissue. Uufortunatel 3 '^ there appeared to be no wa 3 - 
of reproducing sevei-e hemorrhage from a peptic ulcer in the experi- 
mental animal. 

As aluminum hydroxide is insoluble in water, it would have no oppor- 
tunity to affect the coagulability of the blood until extravasation had 
occurred. Presumably clotting to be efteetive in stopping hemorrhage 
from an artery would have to occur in the lumen of the^vessel. Bspl;- 
cially would this appear to be the ease with an eroded arter 3 ' in an ulcer 
where there would be little, if any, possibility for retraction to occur. 


this wns t»ent to u** hv P* t? <S/^<itKK r c? -s- 
tho courtesy of Dr. S. Ansbncho- Sons, Non* 'iork. throinrh 
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CONCLUSIONS 

Two commercial preparations of colloidal aluminum hydroxide recom- 
mended in the treatment of peptic ulcer were found to he capable of 
completely inactivating- prothrombin in human and dog plasma. 

Bleeding time from skin incisions treated with these preparations was 
longer than in the case of similar skin incisions treated with physiologic 
saline solution. The difference, however, was not statistically significant. 

The bleeding time from incisions in the jejunal mucosa was not influ- 
enced by the aluminum hydroxide preparations. 

It was found that one of these preparations did not destro}-^ the vita- 
min K activity of cerophjd nor of 2-methjd-l, 4-naplithoquinone. 
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PERITONEOSCOPY 
Ak Analysis op 150 Cases 
Charles B. Olim, M.D., Memphis, Tenn, 

(From the Department of Surgery of the University of Tennessee and of the John 

Gaston Hospital) 

V ISUAL examination of the contents of tlie peritoneal cavity -with an 
endoscope has become a popular diagnostic procedure during the 
past few years. This revived interest has been occasioned by Ruddock’s’ 
description of a new peritoneoscopic instrument. Recent reports in the 
literature have been encouraging without exception. That the peritoneo- 
scope is highly beneficial in a number of conditions has been well estab- 
lished ; howei’-er, it is feared the impression might be created that peri- 
toneoscopy is advocated for the diagnosis of anj^ and all intra-abdominal 
lesions. Such a misconception would serve 0013 ' to bring the procedure 
into disfavor unjustly. Peritoneoscop 3 ^ is a satisfactoiy procedure in 
selected cases, but, if used indiscriminate}}’, the results will be disap- 
pointing. 

This paper has for its purpose the critical study of 150 cases of peri- 
toneoscopy in an effort to outline definite indications for the procedure 
and to call attention to the cases in which this type of examination has 
been of considerable assistance. On the other hand there is the desire to 
emphasize the visually inaccessible pathologic conditions in which in- 
stances peritoneoscopy would be a useless procedure. 

Kelling’ receives credit as the first to study the peritoneal cavity with 
a visual instrument. He used a cystoscope for the purpose in 1901, his 
first subject being a dog. Tedesko,® Stolkind,’ and Roccavilla’ later 
utilized various instruments for examination of the peritoneal cavity. In 
Chicago, Orndoff" reported the recognition of intra-abdominal lesions 
with a visual instrument in 1920. Ruddock,’ in igST, described the 
peritoneoscope and biop.sy forceps which are in popular use today. 
Thieme,’ in 1939, published fifty eases in detail. In 1939, Benedict,® 
Spangler,® Sawyer,’® and Olim" also reported satisfactory results with 
peritoneoscopy. 

TECHNIQUE 

The technical steps in the procedure are quite simple. 

Proper intez pictation of the findings, however, requires .some experi- 
ence, as would be expected. After a few examinations the observer ae- 
quiiints kimselt with the lens si'stem and his findings become more de- 
pendable. 

No mm.sual preopenitivc preparation is necessary for the exaniina- 
tioii. Morphuie is given fort 3 ’-five minutes previously and combined 
with sc opoiamme wizen disorientation is desired in a nervous patient. 

Received tor ziublication, Xov. 2S. 1340. 
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CONCUUSIONS 

Two commercial preparations of colloidal aluminum hydroxide recom- 
mended in the treatment of peptic ulcer were found to be capable of 
completely inactivating prothrombin in human and dog plasma. 

Bleeding time from skin incisions treated with these preparations was 
longer than in the ease of similar skin incisions treated with physiologic 
saline solution. The difference, however, was not statistically significant. 

The bleeding time from incisions in the jejunal mucosa was not influ- 
enced by the aluminum hydroxide preparations. 

It was found that one of these preparations did not destroy the vita- 
min K activity of cerophyl nor of 2-methyl-l, 4-naphthoquinone. 
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After removal of the obturator the telescope is inserted and the exami- 
nation begun. The examination should proceed in an orderly fashion 
whenever possible. A satisfactory routine is to begin in the right upper 
abdomen with visualization of the right lobe of the liver and gall bladder, 
proceeding then to encircle the peritoneal cavity clockwise returning to 
the original starting point. Following this prelinunary inspection at- 
tention may be concentrated upon the ai-ea of suspected pathology. 

When masses are present, palpation can be combined with visualiza- 
tion by simply releasing air from the peritoneal cavity imtil the mass 
becomes palpable. It is possible to determine mobility of a nias.s with 
this method and, by observing the degree of indentation of the examin- 
ing fingers, to learn whether the mass in question is solid or cystic. 
Change in position of the patient enables the examiner to increase his 
scope of visibility. Trendelenburg's position combined with pelvic ma- 
nipulation by an assistant will usuallj' sei’ve to bring prolapsed pelvic 
organs into view. Fowler’s position permits the liver to drop downward 
and aids in inspection of tlie upper surface of the liver and the dia- 
phragm. With the patient lying on his right side the air will gravitate 
to the left upper abdomen and the small spleen will drop into view. The 
enlarged spleen can be seen easily when the patient is in a supine posi- 
tion. 

The Ruddock biopsy forceps is an ingenious addendum. A small tele- 
scope in the forceps permits the taking of biopsie.s under direct vision 
and the tip of the instrument serves as the coagulating medium. It 
is possible to secure the biop.sy and thoroughly coagulate the denuded 
area immediately, as insulation in the coagulating tip prevents charring 
of the specimen. 

At the completion of tlie examiiiatioji the telescope is u'ithdrawn and 
the air is evacuated. Folio^ving this the sheath is removed and the skin 
edges approximated with one or two clips. Xo attempt need be made to 
close the deeper ti.s.sue.s except in infants, wlien one suture is advisable 
due to the thinness of the abdominal wall. Po.stoperatively the patient 
should be kept in bed for twenty-four hours after which time he may 
resume his activities. 

SELECTION' OP CASES 

Tlie proper selection of eases is an important phase of peritoneoscopy. 
Only those organ.s lying superficially within the peritoneal cavity are 
suitable for visualization. Roughly speaking, peritoneoscopy will permit 
tlie observer to see just as mneh of the abdominal contents as would be 
p<..s.sible with the naked eye if the entire anterior abdominal wall were 
absent, plus those organs brought into view through change.s in position 
of the body. Pig. 2 classifies diseases according to their ease of diagnosis 
by peritoneoscopy. 

Cirr/io.sis of the Liver.—lfhe liver lends itself well to peritoneo.seopv. 
After a reasonable amount of experience any deviation from normal in 
the hver way be readily recognized. 
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Brealdiast is withheld to prevent a distended stomach froin interferiu" 
with vision and care is taken to have the bladder empty before send" 
ing the patient to the operating room. 

Local infiltration with novocain is used in all cases except infants 
and children when general anesthesia must be employed. A small stab 
incision is made 'just below the umbilicus in the average ease, although 
the site of the incision may be varied, depending upon the presence of 
subuinbilical scars or large masses. A nick in the aiitei'ior rectus fascia 



Technique of peritoneoscopy. .4, Usual location of stab incision ; B, in- 
troduction of pneumoperitoneum needle, C, pneumoperitoneum produced with atmos- 
pheric air* Dt trocar intioduced; E, telescope in position for viewing pelvic oigans. 


facilitates passage of the pneumoperitoneum needle, the peritoneum it- 
self offering joraetieally no resistance. Pneumoperitoneum is created 
with atmospheric air introduced by au ordinary hand bulb. At this 
noiiit the needle may be moved about gently to determine the presence 
of adhesions as a guide for later pa.ssage of tiie trocar. No attempt is 
made to measure the amount of air introduced, a.s the (jiiantity varie.s 
'”• tlv depending upon the size of the abdomen, the presence of .iscitcs, 
•«> mas.ses When a moderate pneumoperitoneum e.xist.s, the trocar 
or large nr s ■ eitJier side of the vertebral column in oiuh-r to 

IS f J, intestinal loop against that bony structure, 

prevent injuij 
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tween cirrhosis of the liver and malignancy is difficult. The prognosis in 
the two cases may differ considerably. Neither is surgical. Peritoneos- 
copy offers a satisfactory solution of the diagnosis. 

/ainidice.— Jaundice alone is not sufficient indication for peritoneos- 
copy. Acute catarrhal jaundice in the young adult reveals nothing un- 
usual other than a smooth, jaimdieed liver and bile-stained organs. In 
a case of obstructive jaundice the peritoneoscope may show a distended 
thin-walled gall bladder as presumptive evidence of carcinoma of the 
head of the pancreas or a thiek-walled contracted gall bladder which 
■will shift the evidence toward a diagnosis of common duet stone. In 
either condition, however, the peritoneoscope does not reveal the com- 
plete picture, as it is impossible in most cases to visualize the pancreas 
or the common duct. This type of case should be considered surgical in 
order that the patient can receive the benefit of exploratory laparotomy. 
Jaundice eases warrant a peritoneoscopic examination only when addi- 
tional symptoms indicate possible malignanej' of the liver, gall bladder, 
or a cin-hosis of the liver. 

Tuberculous Peritonitis . — The peritoneoscope has one of its greatest 
fields of usefulness in this condition. The diagnosis may be readily made 
in most cases and in the occasional case of peritoneal carcinomatosis, 
when the differentiation is confusing, a biopsy will clarify the diagnosis. 

The pneumoperitoneum was purposelj’ undisturbed in all cases on 
completion of the examinations. Two of the thirteen cases appeared to 
receive some benefit from the I’etaiued air as shown by diminished tem- 
peratures, although the remaining eleven eases revealed no changes. 

Peritoneal Malignancy . — There were eight eases of peritoneal car- 
cinomatosis in this series, all revealing typical findings. The peritoneo- 
scope offers a high degree of accuracy in these eases. If any question 
exists, a biopsy maj' be taken without hesitation because of the relative 
avascularity of the peritoneum. 

Ectopic Pregnancy . — Two cases of eetopic pregnancy were observed, 
both being ruptured tubal pregnancies. Of all the peritoneoscopic ex- 
aminations performed, none were more satisfactory from a diagnostic 
standpoint than these two eases. Fi-ee blood was conspicuous in the peri- 
toneal cavity and visualization of the pelvis in Trendelenburg’s positiou 
showed the point of tubal rupture in each instance. Most eases of ectopic 
pregnancy are obvious. Peritoneoscopy, however, will be of service in 
eases of rupture when the diagnosis is questionable. Affinruptured 
eetopic pi-egnaucies may sometimes be indistinguishable from uterine 
pregnancies. The Asehlieim-Zondek test would be of no value in these 
cases. Peritoneoscopy shoiild solve the problem without disturbing an 
existing uterine pregnancy. 

Intrapcritoncal Hemorrhage . — Suspicious hemorrhage can be detected 
promptly with the peritoneoscope. One ease of possible spontaneous 
hemorrhage wa.s examined and tlie peritoneal cavity was found to be 
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Cirrliosis of the liver presents an unmistakable picture. The liobuail 
variety can be recognized at a glance, while early cirrhotic elianges may 
be safely predicted by the experienced observer. It has been enlighten- 
ing to discover a high percentage of cirrhotic livers in patients m’th 
deep jaundice, since jaundice is ordinarily not emphasized in medical 
textbooks as a prominent symptom of the disease. Peritoneoscopy is 
indicated in all questionable eases of cirrhosis, chiefly as an aid to prog- 
nosis. 


CLASSIFICATION OF CASES EXAMINED 


ao ai 24 m 



Cirrhosis of hvef 

Jaundice 

/^ahsn<^ticy Of ijvcr 
Pelvic patholosy 

Tui)e^cu^o^s pentonttiS 
/Maiianancy a 
Peptic U\c«r 
Peritoneal mali'»nan<y 
SplenoTnc^ab 
fc-tof/c presnancy 
/^ali^naitcy colon 

(r&\( b foUc f pa-thol 

Jwtapcritoaeal Kcmor^oae 

Z?/as/iosr(c eiftcUnty of -ffce fOritonec^cope^— to ^ -f- ^ 4-^ 

2. — The cases examined comprise fourteen diffeient patliolo^^^ic conditions. 
Cirrhosis of the liver v\as the most common patholoijy seen with a total of tucntj-six 
cases. Splenomegaly and malignancy of the colon are not considcicd indications for 
peritoneoscopy. The other t>pes of pathology are classlllecl from a 1 plus to a j plus, 
depending upon the ability to diagnose pentoncoscopically. 

It will be noted in Fig. 2 that there were twenty-six ca.se.s of cirrhosis 
examined, the largest g-roup of cases in the series. Because of tlie 
o-ratifying- results, a four-plus efficiency has been awarded the j)eritoneo- 
scope for tliis condition. 

Malignuncy of Nic Liver . — Suspicious malignancy of the liver is like- 
•ise a prime indication for peritoneoscopy. The picture is typical and 
V q ^ reco"nized. The diagnosis is usually so deliuite that it is unneccs- 
resort to biopsy. By shifting the p.iticnt’s body it is pos.sibIe to 
. ot’nUv the surfaces of the liver so that the smallest shirt- 
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have a resectable lesion. The four remaining patients recouiinended for 
laparotomy because of absent visible metastases all bad lesions involving 
the pancreas and were nonreseetable. 

Peritoneoscopy vnU prevent unnecessary surgery in a fair proportion 
of cases of carcinoma of the stomach. Those patients without visible 
metastases and obvious local involvement will not be jeopardized, as 
laparotomy can be done to determine operability definitely. 

Peptic Ulcer . — The peritoneoscope was used in eleven cases of sus- 
pected peptic ulcer, two of which were possible perforations. Practically 
all of these examinations were carried out during the earlier experience 
with the instrument. 

OPERABILITY OF CARCIMOMA Of STOMACH 



rnttos-toscs evKisi’oiv oH\y 

Fig. 3. — Eleven cases of carcinoma of the stomach were studied. Six were con- 
sidered inoperable, while only five were recommended for laparotomy after peritoneo- 
scopic examination. 

Insignificant serosal changes accompanying an ulcer of the stomach 
may he overlooked with the peritoneoscope. The duodenum eamiot be 
visualized in a sufficient number of cases to make the procedure trust- 
woi-thy. Both roentgenographie examination and the gastroscope have 
far more diagnostic value in the.se cases. The use of the peritoneoscope 
may he reserved for the small group of eases in which an ulcer perfora- 
tion is so atypical that there is hesitation of laparotomy, j'et the fear 
e.xists of allowing the optimal time of operation to pass. 

Pelvic Patholopp . — Visualization of the pelvic organs can usually be 
carried out with a high degree of success, particularly when combined 
nith manipulation per vagina. Questionable ectopic pregnancy ha.s been 
iliscn.sscd previously as an important indication. Ovarian or uterine 
tumors lend them.sclves well to in.spection. Biopsies of .such tumors are 
ot matciial iissistance and may be taken readily in the average case. 
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filled with blood. Operation later revealed a varix of the oiiientmu 
which had ruptured. Coleman*- reports the use of a smaU trocar to 
determine the presence of iutraperitoneal hemorrhage. A slightly larger 
tiocar may be used, however, to aeconunodate the peritoneoscope witli 
the added advantage of visualization in those cases where no grently 
increased intra-abdominal pressure exists to force the blood out through 
a trocar. 


There is a place for peritoneoscopy in cases of possible intra-abdoiniiial 
hemori'hage without external evidence of injury. Such patients, fre- 
quentlj^ the victims of automobile accidents, have head injuries whicii 
serve to confuse the picture. The peritoneoscope ma}’" prevent uimeces- 
sary laparotomies in this type of critically ill patients. 

Malignancy of the Stomach. — There were twelve cases of maligmney 
of the stomach. One ca.se was diagnosed peritoneoscoiiically as sarcoma 
with a confirmatory biopsy. An additional case in which no tumor 
could be seen with the peritoneoscope proved to be a gastric ulcer at 
operation. Only those lesions involving- the anterior wall of tlie stomach 
can be seen. In the obese type of individual the stomach is often com- 
pletely obscured by the liver; nevertheless, a little practice enables the 
examiner to elevate the liver with the tip of the instrument and to stud}’’ 
the stomach at close range. Distention of the stomach by an indwelling 
nasal catheter will usually roll that organ out into view. 

It is the status of the malignancy on the posterior wall, however, that 
cannot be determined with the peritoneoscope. It is impossible to learn 
whether the lesion has penetrated into the pancreas or not. Because of 
this deficiency only a three-plus accuracy is awarded the peritoneoscope 
ill diagnosis of malignancy of the stomach. (Fig. 2.) In spite of the 
admitted inadequacy of the peritoneoscope, the results in tin's series of 
cases suggest that all carcinomas of the stomach be routinely peritoneo- 
scoped. This measiire is not aimed at diagno.sis of tlie lesion in the 
stomach per se, as roentgenogi-aphic study is more capable of such, but 
rather at the determination of operability of the case. 


It is generally agreed that metastases to the liver and peritoneum 
render a patient inoperable with the e.xceptiou of palliative surgery in 
tlie obstructive type of lesion when a gastroenterostomy will give tem- 


porary relief. In this series of eleven cases of eareinoma of the stoniaeh. 
four had liver metastases. while two others were considered inojier.ible 
because of marked local extension into the peritoneum and ad.iaeenl 
ormins. Of these latter two cases one died three weeks later of cachexia 
Hence six, or .54 per cent, of these cases were grossly inojierahJe and 
saved fvom needless surgery by the peritoneoscoinc e.xandnatmii 
31 Of the five cases recommended for surgery, one uas consid- 
lui-dlv inoperable because of iialtmble abdominal masse-, flmiigbf 
ered c ^ . j„^,(j.,tases. On peritoneoscojiy these nias-,cs oen- dis- 

-ererto br^hgastric hernias. At operation this patient uas foumi to 
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Peritoneoscopy should be used for abdominal masses when clinical 
diagnostic measures have faded, bearing in mind that the instrument 
will oft’er little or no assistance unless the mass is superficially placed. 

Gall Bladder Pathology — Because of its exposed position the gall 
bladder offers no obstacles to visualization. The normal robin’s egg-blue 
color is distinct and any variations are easily noted. Acute cholecystitis 
gives an unmistakable picture. Malignancy of the fundus may be recog- 
nized -without difficulty. 

In many instances, however, examination of the gall bladder is not 
complete or dependable unless the extrahepatie bile duets can be exam- 
ined also for pathology. The peritoneoscope cannot visualize the biliary 
duct system and hence this examination is not recommended for eases in 
■which such pathology is likely. If interest centers on -the gall bladder 
alone, peritoneoscopy -will he entirely satisfactory. 



i\o gallstones have been palpated with the tip of the instrument as 
described by Steiner;'" nevertheless, it should he easy to palpate a lar-e 
barrel-shaped stone in a contracted gall bladder tliat was partiaUy 
empty of bile. Small stones floating m bile obviously would he difficult 
to palpate. 

Splcaowcgaly.—The enlarged spleen is easily seen with the peritoneo- 
scope. The small spleen is brought into view by placing the patient on 
his right Side. ^ 
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Pelvic inflammatory disease, however, may offer difficulties to the exam- 
iner and it is because of this condition that a three-plns efficiency is 
allotted in Pig. 2. Both recent and old pelvic inflammatory processes 
frequently result in adhesions between the pelvic organs with oblitera- 
tion of landmarks so that it may be impossible to classify distinctly the 
status of the organs. A tubo-ovarian abscess may be fused with the 
uterus so that normal boundaries ai-e indistinct. The surgeon will ap- 
preciate this situation, as the same difficulty often exists at lapaiotomy 
and blunt dissection must be carried out before the adherent organs are 
mobilized sufficiently for identification to be made. 



1 ^^vdvanced hobnail cirrhosis of the lirei as seen throut'h the ptrltoneosroiii. 


Abdominal Masses . — If the abdominal mass lies superficially in the 
peritoneal cavity, its diagnosis ma 3 ^ be simple and spectacular If cov- 
ered by omentum, intestines, or other organs, it ma.v be jiupossibJc to 
arrive at a definite diagnosis Hydrops of tlie gall bladder, cysts or 
tumors of the liver, tumors of the stomach, and masses arising from the 
oelvis are easily diifei entiated. A laige cyst almost filling the jientoncal 
, ity will be noted as such, but the likelihood ot dcterminmg its ornriii 
be sli'dit unless the ejst can he moved ahmit uith change in i)«si- 
P t) e bodv. Betroperitoncal tumors can only he dmgiiosed as sueii. 
tion 0 1 - • ( 1 ,^. (ii.,fr,„)sis of tumor of the light iidieiial 

althougn U1 totallv uiisiispeittd iliiiiialh, and oiieralion 

o-land was made A'lun • 

inm the 
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of intestinal perforation due to adhesions between the A’isceial and 
parietal peritoneum. 

.\CCUR.A.GY OF PERITONEOSCOPY 

A folloNv-up of patients reA’cals that the diagnoses have been proved 
in 44 of the total 150 cases. The final diagnoses have been made by 
either autopsy, operation, or biopsy. These 44 cases have been utilized 
as a check against the accuracy of both clinical and peritoneoseopie 
diagnosis. Fig. 7 contains these statistics. 

Of the 44 diagnoses substantiated, the clinical diagnosis was correct 
in 24 cases, giving a clinical accuracy of 54.5 per cent. The peritoneo- 
scopic diagnosis Avas foiuid to be correct in 40 of the cases, Avith an ac- 
curacy of 90.9 per cent. These .statistics compare rather closely Avitb 
those compiled by Ruddock.^ The peritoneoseopie accuracy should re- 
main consistently high if there is a proper selection of the cases to be 
examined. 

ACCURACY OF THE PEfFITONEOSCOPE 



Climcl accuracy 
PecUoneoBcopic accuracy 

Pig. 7,— Tliert' nere forty-four coses with Uiagnoscs pro\eU by cither operation, biopsv, 
or autopsy. The accuracy of both clinical and peritoneoseopie diagnoses is sboivp. 

The four peritoneoseopie errors coirsist of: (1) diagnosis of ovarian 
cyst })roved at operation to be a tubo-ovarian abscess ; (2) failure to 
recognize an acute yellow atrophy of the liver in a young male, diagnosis 
clarified by autopsy ; the peculiar splotching of the liver tvas described 
•If jicritoueoscopy, but its true significance Avas not appreciated; (3) 
pcritonco.scopic diagnosis of abdominal llodgkin’s disea-se Avhicli at 
iiiitvpsy proved to be a metastatic carcinoma; (4) inability to determine 
tl.e iiatiire of a deeply situated abdomijial mass; operation revealed the 
mass to be carcinoma of the mesentery. 
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In Fio'. 2 It will be noted that splenomegaly is not considered now as 
an indication for peritoneoscopy. Splenomegaly itself is diagnosed by 
abdominal palpation. Visualization of the spleen, although easily ac- 
complished, is usually disappointing because of the difficulty in inter- 
pietiiig gross appearances. No aid is to be had from the microscope, as 
biopsy of that organ is too hazardous for safety. Blood studies and tlie 
clinical history will usually give deeidedlj'^ more information about a 
splenomegaly than the peritoneoscope can offer. 




6. Ruptured right tubal pregnancy, peritoncoscopic view. Xote the large clot 

adherent at the site of ruptuie. 


Maliynancij of the Colon . — The peritoneoscope should be used only 
for the determination of operability of malignanej' of the colon in cases 
where liver metasta.ses are suspected. Neither the colon nor small intes- 
tine is accessible in a sufficient number of cases to inulce the ])rocedure 
dependable. The loop of intestine containing the pathology might be 
obscured bv other loops with the result that the diagnosis will be missed. 

Lppendicitis (Did Peritonili.i . — In view of the fact that the appemli.x 
is retrocecal in the majority of ca.ses it is no wonder that it is rarely 
These observations on the accessibility of the appemli.x have been 
1 • ,.nsps with other than appendical pathologj- in which the ap- 

. , searched for as a routine measure. Beritoneosco(n- is 

^nluelv contraindicated in suspected ca.ses of acute a|.pcndicitis. 
dehuit . g.,„.^g should be avoided. 'I’he jiossihi/it.v 

Acute pen oi :,,fVi.tion is great and there is the increased danger 

of activating siicli an 
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Evideuee points toward the safety of close obsei’vation without immedi- 
ate laparotomy in those cases whei’e adhesions are suspected due to the 
superficial position of the involved intestine. If there exists considerable 
doubt in the examiner’s mind of sufficient mechanical protection for the 
site of pei'foration, then immediate laparotomy slioffid be performed. 

The one fatal accident was caused by an error on the part of the exam- 
iner. The patient with a known mediastinal tumor was found to have 
multiple abdominal masses on peritoneoscopy. An attempt was made to 
secure a biopsy of an apparent liver nodule with the result that a 
eholangitlc abscess wall was perforated. Care in palpation of the mass 
in the liver ndth the tip of the instrument would have shown its true 
cystic nature and preveiited the accident. Bile was seen to escape from 
the perforation, but, in view of the patient’s widespread malignancy and 
poor condition, operation was decided against. 

There have been but few additional complications with the peritoneo- 
scope. Occasional cases of mild subcutaneous emphysema have been 
noted, but all subsided rather pi-omptly. There were no hernias, wound 
infections, or hematomas in the series. There was only one instance of 
shoulder pain from pneumoperitoneum, which occm-red in a patient with 
a ruptured tubal pregnancj'. She complained of right shoulder pain 
shortly after inflation of the peritoneal cavity was begun. It is interest- 
ing to observe that the peritoneal cavity may be inflated to its maximum 
without tlie production of shoulder pain, while many cases of such pain 
are reported followug tlie injection of much smaller quaJitities of air 
during tubal patency tests. Even extreme Fowler’s position in greatly 
inflated eases has not been productive of shoulder discomfort. No ex- 
planation is offered for the apparent paradox. 

suiutARv AXD coxcnusioxs 

1. The present report is based on 150 personal cases of peiutoneoscopy. 
Statistics are presented in an effort to aid in the selection of eases suit- 
able for tills type of examination. 

2. The technique of examination is described. The procedure is es- 
sentially the creation of a pneumoperitoneum followed by the introduc- 
tion of a tele.seope which permits the observer to view the peritoneal 
cavity and its superficial organs in detail with a clear undistorted 
vision. 

3. Biopsies of organs in the peritoneal cavity may be taken %vith 
safety by the use of a sjiecial telescopic forceps developed by Ruddock. 

4. Emphasis has been placed on the selection of cases. Only those 
organs which either lie superficially in the peritoneal cavity or may be 
brought into a superficial location by change in position of the body or 
by manipulation are amenable to visualization. Failure to consider 
tliese facts will usually be productive of disappoiutiug results. 
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A glance at these so-called peritoneoscopic errors will reveal that the 
first three are actually personal errors, failures to recognize visible 
pathologj^, while onlj'- the last one is a true nieclianieal error, attributed 
to an inability to bring the pathologj'" into view. 

acc/dents and complications 

There were three accidents in this series of cases (Table I). Tiie two 
nonfatal accidents were intestinal perforations, in one with the pneumo- 
jreritoneum needle, in the other with the trocar. No operation was done 
in either case. 

Table I 


Accidents and Complications 


PEEITONEOSCOPIC 

DIAGNOSIS 

ACCIDENT 

KECOVEEED 

DIED 

None (Clinical, 
peritoneal carci- 
nomatosis) 

, Pneumoperitoneum needle 
introduced into intes- 
tine; paracentesis 2 days 
previously 

i No operation; nc 
evidence of peri- 
tonitis 


None (Clinical, 
tuberculous peri- 
tonitis) 

Trocar entered intestine 

No operation; re- 
covered without 
peritonitis 
or wound infec-| 
< tion 1 


(Abdominal, 
Hodgkin’s dis- 
ease) 

[Perforation of small cho- 
langitic abscess with 
biopsy forceps while at- 
tempting biopsy of liver 
nodule; accident recog- 
nized but, in view of 
widespread aietastases 
and poor condition, op- 
eration thought unwise 

t 

[Died 7 days later; 
autopsy: bile 
peritonitis, car- 
cinoma of head 
of pancreas with 
motastases t o 
peritoneal cavity 
and 111 0 d 1 a s- 
tinum 


Kesolts 


CASES ilOllTALITY n.\TE 

Total cases e-xaniined 150 

Accidents 3 

Deaths 1 0.0% 


Because of the ease with which the instruments perforated the intes- 
tines just as the peritoneum was entered, it was concluded that the in- 
volved loops were firmly adlierent at the points of perforation and that 
the general peritoneal cavity ivould not be soiled. Botli patients were ob- 
served very carefully for .signs of beginning: peritoniti.s, but none ap- 
peared. Tlieir recovei’ies ivere uneventful ivithont even a wound infec- 
tion in either case. 

Many observers have noted that nonadherent intestinal loojis will slij) 
'av from the trocar. Kelling'^ called utteiitioii to this phenomenon. 
T? ddoct^ reported bowel perforation in eiglit of lii.s case.s, nil cl' them 
h rr operated upon shortly afterward. He found that, in vi.,-w of dcn.se 
s between the perforated inte.stincs and the parietal peritoneiim, 

no periloncal soiling would have occt.rre.I in any of the ..aM-s. 

no pe whether or not to e.'cplore tollowing the perl oration 

Of InVSne Should depend upon cireum.Mances .stirroimding the ca.vn 





self-intkoducbd fobeign body perpokating 

LARGE BOWEL 

OfERATIOX AVITH RECOVERY 

Phil Thokek, M.D., Chicago, III. 

(From the Cook County Hospital) 

F oreign bodies la the large bowel have been reported by Eranning, 
Pamperi, Neese, Koucky and Beck, and many others. These eases 
are alwaj's interesting and instructive. The ease I am reporting presents 
a few unusual features which wifl be discussed. 



Fig. I.— Roentgen ray disclosing screwdriver in region at splenic flexure. 

C.vsE Report. — X. J. (Ko. 19950), a 3o-yeur-old colored male, entered tlie Cook 
County Hospital on April S, 1940, stating that during the preceding week he had 
developed ii tender swelling in the left inguinal region which extended into the 
.'icrotuui. He had had a small “lump” on the left side since he was 2 years old 
and lie hud always been able to pnsli the “lump” back until recently, when it 
had become “big and sore.” He furtlier stated that be also had a “falling of 
the intcstiiic.s” (prolapsed rectum). His rectal prolapse became excessive seven 
days prior to his admission to the hospital while he uas carrying wood. To replace 
his prolapsed rectum, lie went to his shack and procured an S-incli screwdriver whicli 
he placed, handle first, into his anal orifice. Tiie prolapse uas relieved. Much to 
bis surprise, lie lost control of the screwdriver and it too disappeared. He attempted 
to c.vtract it, lirat witii his fingers and then witli a soupspoon. Tliese attempts 
having /tilled, iie desisted from further effort. It was at this time (seven days 
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5. T.]ie conditions affording' the most satisfactoz'y x'csnlts xvitli peri- 
toneoscopy may be listed as follows: cirrhosis of the liver, malig- 
nancy of the liver, tubercnlous peritonitis, peritoneal nialignaiiey, ectopic 
pregnancy, intraperitoneal hemorrhage, pelvic pathology, and the ile- 
termination of operability of malignancy of the stomach. 

6. An analysis is made of 44 cases in which the diagnosis was proved 
by either operation, biopsy, or autopsy. In this group the clinical 
diagnosis was accurate in 54.5 per cent of the cases wliile a 90.9 per cent 
accuracy was obtained with the peritoneoscope. 

7. There were 3 accidents in the series of 150 cases, only 1 of wliieli 
was fatal, giving a mortalit 3 ^ of 0.6 per cent. It should he considered 
that a large number of the patients examined were bad risk cases that 
were subjected to peritoneoscopy with the hope that laparotomy could 
be avoided if possible. 

8. In comparison xvitii Japarotomy, peritoneoscopy is a minor opera- 
tive procedure with verj^ little discomfort to the patient and economical- 
ly important in that it requires only one day of hospitalization, follow- 
ing which the patient may beeojne ambulatoiy. 

9. Peritoneoscopy has proved to be a x-aluable adjunct in diagnosis. 
It is not a fad but rather a procedure which has definite indications and 
limitations. The peritoneoscope will not supplant Japarotomy but will 
render operation unnecessary in inauj’’ eases. On the otlier hand, follow- 
ing peritoneoscopy a number of eases will be revealed as surgical that 
were not considered so beforehand. 
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into the scrotum. It was verj- tender, irreducible, and did not transilluminate. 
Eectal e.x'amination revealed no prolapse or hemorrhoids, hence this phase of his 
story was doubted. No masses or foreign bodies could be felt. 

The patient was subjected to fluoroscopy and x-ray examination revealed a screw- 
driver, the handle of which lay in the region of the splenic flexure (Pig. 1). The 
jagged end of the tool lay near the junction of the descending colon and sigmoid. 

The patient was given a morphine-scopolamine sedative followed by a local in- 
filtration with novocain in the inguinal region. He developed a scopolamine “jag” 
and became so uncooperative that nitrous oxide anesthesia was resorted to. A left 
inguinal incision was made and the aponeurosis of the e.xternal oblique muscle was 
divided. The hernial sac and spermatic cord were delivered. On opening the sac, 
free serous fluid gushed out. The omentum was firmly attached to the lateral wall 
of the sac which necessitated its being cut between two hemostats and then ligated. 
The omentum, freed from its distal attachment, was inspected and found to be 
very hard and fibrotic. This indurated area, measuring 29 by 24 cm., was resected. 
The omental stump was replaced into the peritoneal cavity (Fig. 2). 



Traction was made on the hernial sac and the sigmoid was found to be attached 
to the lateral sac w.all. The diagnosis of a sliding hernia was made. The tip 
of the screwdriver could now be felt. Two perforations were found in the sigmoid 
in the region occupied by the jagged tip of the screwdriver. An opening was made 
in the bowel, beginning at the sigmoid perforatioim and extending about 2 inches 
cephalad into the descending colon. This incision eonnectod both perforations, 
converting these into one opening. Through this opening the screwdriver was de- 
livered. A do Pm-zer catheter was placed into the defect which was closed bv 
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'utelihike w§TJifla2 ), • 

lie noticed’?, a? ^stance “f i^educibJe He 
Porieneed nTt «ouId noT “iles dI- 

--- 



His past history revealed that he h-jd h-j i ** 

gonorrhea several tunes, and had he,'.,, r^.;' ''""'""'laphy die v,.,r. , r 
anunation revealed a aell-deieloped and ,,‘S , '« ^dn JT'"' 

appear acutely ill. His te„,peratare nas loo o "7" '■“' "■••‘'^' "lio d d nol 

20 per minute. His blood pressure loo/v- m, "'' ••‘„d resu,,.,/,/ 

on tho xiphopuhic iiae;. Ten.ieruess ii,,a prese, I "'‘i Oat hmddwm 

quadrants. The patient stated that JJZ '^'H oppee and b!:" 

quadr.iat, hut this could not he leruied hv il... ,, fo''')r,i,.r ,„ )„■, bdt .. 

.ere ^ipi^e. Peristaltic -ouuds iiere p^.:;; ]:::ZZZ''r- "" 

nimute). The sounds .ere not tho-e of .,b,tnn-t,u. horlJi- '■’ '''^ht /„.r 

mal clicks tmd gurgles. The left inguinal region pr. '''-'"'hhd „or. 



EXCISION AND/OE PEOXIMAL LIGATION OF EXTEAOSSEOUS 
THROilBOPHLEBITIS IN THE TREATMENT OP ACUTE 
HEMATOGENOUS OSTEOilYELITIS WITH POSITIVE 
BLOOD CULTURE 

Abkahaji 0. MUlexsky, M.D., Ne\v York, N. Y. 

T he following case is reported (1) because it demonstrated par- 
ticularly Avell the thromboplilebitic nature of the local bone lesion of 
acute hematogenous osteomyelitis; (2) because it demonstrated the rela- 
tionship of the bacteriemia to the local bone lesion; (3) because it showed 
marked similarity to cases of mastoid disease with jugular vein throm- 
bosis; (-1) because the thrombophlebitis made an important indication 
tor treatment; and (5) because it demonstrated the necessity for looking 
for similar accessible thrombophlebitis in all other cases of acute hematog- 
enous osteomyelitis with bacteriemia with the idea of excision or 
pioximal ligation of such affected veins draining the bone focus in order 
to contiol the general infection. 

CASE REPORT 

(Doctor's Hospital, Xo. 25640, Feb. 22 to Alarch 9, 19-10) In a boj 12 \ears 
of age nith a negative familj liistorv and a previous liistorj of a pneunioeoceus 
meningitvb at tlve age of 2 vear» nith recoverj except for a residual bilateral com 
plete deafness a small infection of the right big toe (paronjchia) was followed b> 
.V focus of osteomvelitis in tlie upper end of the left tibia At the time of ad 
mis'.ion to the hospital, the patient was markedly toxic, li.id a higii temperature, and 
u.is stuporous. 

The bactenologic studies showed a Staphylococcus aureus bacteriemia of the mag 
mtiule of 12 colonies per cubic centimeter of blood cultured. The patient was put 
on .in adequate dosage of sulfanilamide and, later, sulfatliiazole. However, there 
w.is no eftect of the chemotherapj upon the bacteriemia, although the general con- 
ilition of the patient improved somewhat, and the local condition continued un 
( liangcd Several davs after adnugsion a thrombophlebitis of tlie saphenous vein 
was noted and the latter could be traced as extending directiv from the area of the 
o-teom\clitis in the head of the tibia upward and downward into the adjoining seg 
ment of tlie s.iphcnous vein. The indication for excision of the vein seemed obvious 
and tlie similarity to eases of acute mastoiditis with jugular vein thrombosis was 
noted 

Tills nas confirmed at the operation. There was a suppurative inflammation of 
the Am and subcutaneous tissue over the inner londvle ot the tibia; the tinomho 
phlebitis of the saphenous vein originated in tins .irea which was continuous with 
the foms of osteomvelitis; .ind it was po-sible to dissect out ami remove the entire 
thrombosed vein well into healthy tissue both above .md below. The bone it'clf 
was not touched in anj wav. The wound w.is left wide open and packed with 
iodoform g.iii/e. 

The b.ii lerjeima di-ippiared immedi.iteh thereafter The loia! wound from which 
the vein h iil bieii removed hc.iled verv well .iiid .it the end 01 two weeks the hoy 
ii IS (listh.irgeJ from the hospital. 

J{ccclVi,(l tor puliliiatlon, Jin S. 1911 


109 
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interrupted tiirougli-and-tlirougli catgut sutures around tlie catheter. One of tliese 
sutures was passed through the catheter to anchor it to the bowel wall. No second 
layer of sutures was placed because of fear of tension. A stab wound was made 
in the left loin and the catheter pulled through this. The hernial sac was then 
ligated distal to the sigmoid attachment. A modified Bassini repair with inter- 
rupted catgut sutures completed the operation. (Fig. 3.) One cigarette drain was 
placed subcutaneously. 

For two days following the operation the patient’s rectal temperature mounted 
to 103.S° F. The pulse also reached its maximum of 120 during these two days. 
Following this the temperature and pulse steadily dropped until tlie eighth post- 
operative day wdien normal levels were reached and maintained. His convalescence 
was quite uneventful. The mushroom catheter was removed on the seventli post- 
operative day. Tile colostomy site stopped draining on the twentieth day. He 
received by transfusion 1,000 c.c. of citrated blood and 100 c.c. of O.S per cent 
snlfanilamide solution subcutaneously. He was kept on intravenous dextrose and 
saline solution for the first tliree postoperative days. He was di.sehaiged in good 
condition twenty-two days following the operation. 

SUaiMARY AND COJIJIENT 

1. A ease of a large, sharp, foreign body, self-introcliicecl tnul per- 
forating the hotvel witli soiling of the iieritoneinn, is reported. 

2. The foreign body was removed surgically and recovery resulted. 

3. While thi'onghont the entire procedure the operative field, intra- 
and extraperitoneal, was grossly contaminated with feces and while 
the only drainage used was a rubber tube in tlie large bowel and one 
subcutaneous cigarette drain and no attempt was made to clciuisc the 
peritoneal cavity, infection remained localized. Whether or not the two 
small bowel perforations created some sort of iutvaperitoneal vaeeiuatiou 
remains sub judice. 

4. Abdominal auscultation aided in suspicion of intraperitoneal 
damage because the intestinal sounds were definitely diminislied. 

5. Eetroperistalsis obviously played a jiart in determining the final 
position of the foreign body since the handle abutted the sfilenie fle.xnre. 
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MESODERJIAL MIXED TUMORS OF THE CORPUS UTERI 

Repokt of a Case MUth Review of the Literature 

R. J. Lebowich, M.D., axd H. E. Ehrlich, M.D., 
Gloversville, N. Y. 

(From the Eugene Littauer Memorial and Fulton County Lahoratory, 

2fathan Littauer Sospital) 

IXTRODUCTIOX 

I T IS our purpose to describe an instance of an extremely rare tumor, 
the mesodermal mixed tumor of the bodj' of the uterus. It belongs 
to a remarkable group of bizarre tumors which originate from cells 
normally absent in the uterus. After a painstaking review of the 
literature of mixed tumors, sarcomas of the simple and more complicated 
tjTies, teratomas, lipoma, ehondi’oma, osteoma, etc., of the cervix and 
corpus of the uterus, we have been able to collect only twelve genuine 
mesodermal tumors of the corpus acceptable by the pathologic criteria 
of Lawen.' There is much confusion in the literature concerning this 
tumor, and it is our object not only to establish its proper position, but 
also to throw light upon its nature. 

The more important findings of these tumors have been classified in 
Table I. In the list of verified eases acceptable by the adopted diagnostic 
pathologic criteria described elsewhere, we have paid careful attention 
to the microscopic descriptions in each published case. All cases of 
pure rhabdomyoma or rhabdomyomosareoma of the uterus, such as 
those reported by Blair Bell- and Glynn, Lochi’ane,® and others, were 
rejected. The ease of WoKe* has been unacceptable. His tumor ap- 
parently presented aU of the clinical and pathologic characteristics of 
a genuine mesodermal mixed tumor. Although the bulk of the tumor 
consisted of “nonstriated muscle cells intermuigled with myxomatous 
tissue, osteoid and cartilage,” a careful examination of the pathologic 
report of his case failed to reveal any true embryonal myoblasts. 
The absence of striated embryonic muscle cells so necessary for a 
pathologic diagnosis serves to elimuiate those cases described as adeno- 
sarcoma by Sopliiau." Simple tumors, such as osteoma, chondroma, etc., 
have not been included in this list. 

The first case in the uterus was reported by lYeber® in 1867. The 
tumor sprang from the cervix uteri of a multipara, 45 years of age, and 
revealed the characteristic microscopic structure of a mixed tumor. The 
first case of the body of the uterus was described by Anderson-Edmonn- 
sou in 1870 and the second by Bysttumoff-Eekert in 1874 (quoted bv 
Kehrer).' 

Received tor publication. June 21. IDIO. 
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The area of osteomyelitis was demonstrated roentgenographically and its progres- 
sive spontaneous defervescence, revascularization, and healing was followed and 
similarly demonstrated. Several very small sequestra escaped or were removed from 
the wound during this period after which the very small sinus closed completely. 
The follow-up observation period is now sixteen months. 

DISCUSSION 

Although the local bone lesion in acute hematogenous osteon^Tlitis is a 
secondaiy matter to a bacterieniia originating from a primary lesion 
elsewhere (in this ease a paronychia of one of tlie opposite toes), tin’s 
ease demonstrates conclusively that the local lesion itself in its turn can 
act as a local point of distribution for a secondaiy baeteriemia. A 
suggestive clinical point is that the secondaiy baeteriemia is usually 
of small magnitude, approximately under 25 colonies of bacteria to the 
cubic centimeters of blood cultured. 

This type of baeteriemia is not influenced at all b.y chemotherapy with 
drugs of the snlfanilimide group. A baeteriemia of small magnitude 
continues because the thrombophlebitis keeps discharging liacteria into 
the circulation. 

Under these conditions, clinicians should search carefull.v iu tlio 
nearby veins for an accessible thrombopiilebitis. Should such a tlirombo- 
plilebitis be found, the indication becomes absolute to excise the aft’oeted 
segment of vein or to ligate it on the proximal side. In the absence of 
such demonstrable thrombophlebitis, the fpiestion of ligating tlio prin- 
cipal vein draining the affected area should be considered with duo 
consideration to its feasibility anatomically and to any subscfiueat and 
consequent circulatoiy change. 

All of this concerns itself only' witli the control of any' baeterieiniii 
which accompanies a focus of acute hematogenous osteomyelitis. The 
management of the bone focus itself sliould follow along’ well-established 
lines. 3Iy own very' conservative viewpoints regarding tlie mamigemcut 
of the local bone focus has been clLseussed very frecpiently and is marked 
by' the most extreme conservatism as the management of tiie above 
described case shows. 

In a personal communication. Dr. Cliiuii]) Lyons, of the i\ra.s.s;iehusetts 
General Hospital, tells me that he also has recognized the importance 
of ligating the main tributary vein of the local bone focus as one of liic 
items in his management of acute hematogenous osteomyelitis. 
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Patient still alive 4% 
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Suhsequent Clinical Course . — Tlie p.itient remained well for six weeks, but tliere- 
after complained of progressive weakness, anorexia, and loss of rveiglit. She suffered 
from pain in the left chest. Examination revealed dullnes.s and diminished breath 
sounds at the loft base. Stereoscopic films at this time revealed “metastatic malig- 
nancy” involving both lung fields. 

On June II, 193S, the patient was readmitted to the hospital complaining of mod- 
erate interscapular pain and weakness. She appeared cachectic, but was mentally 
alert. The temperature ranged between 97.6 and 100° F., the pulse, between SO to 110, 
and tlie respiratory rate, between 20 to 24. There was mottled dullness with diminished 
breath sounds throughout both lung fields, especially over the left upper anterior 
chest. No palpable masses were felt on abdominal examination. On June 14 the 
patient developed a complete paraplegia at the level of the twelfth thoracic vertebra 
and died four days later. 

GROSS AND MICROSCOPIC DESCRIPTION OF SPECIMEN REMOLD AT OPERATION 

Gross Appearance of Primary Tumor in Uterus. — The specimen con- 
sisted of a uterus and left oviduct and ovaiy removed at operation. The 
uterus was amputated above the cervix. It was roughly pyriform in 
shape and greatly enlarged, measuring 15 by 20 by 10 cm. in its 
diameters. Externally its surfaces were smooth and free from any gross 
abnormal changes of note. On sagittal section the entire wall appeared 
to be stretched by a large polypoid growth attached to botli the anterior 
and posterior walls by a broad base. This contrasted with the botryoid 
tumors of the vagina which acquire their gross appearance principally 
because of the dominance of myxomatous tissue and the space for growth 
afforded by the vagina. Examination I'evealed that the entire uterine 
wall, including the endometrium, was replaced by tumor, and that the 
uterine cavit.v was much distended and filled with growth. The surface 
of the tumor ivas nodular and not lobulated. The consistence of the 
growth was generally firm. In color, the growth ivas predominantly 
pinlc to pinkish gray, and mottled with many irregular, soft, friable, 
opaque, yellow to yellowish brown areas up to 1 cm. in tbeir Avidest 
diameter and a few small areas of fresli and old hemorrliage. There 
wej'C frequent irregular, variably sized areas of smooth, translucent, 
grayish myxomatous tissue, and an occasional small, hard, irregular 
mass of hone. No grossly visible cj'sts were seen. There were no tera- 
tomatous structures and no tissues suggestive of cartilage. 

The oviduct and ovary showed no gro.ss changes wortliy of note. 

Microscopic Appearance of Primary Tumor in Uterus. — A large num- 
ber of representative sections from dift'ereut parts of the tumor and at 
various levels were prepared. These were fixed in formalin, Bonin's 
fluid, lieideuhain s Susa fluid, and absolute aleoliol, and were stained 
witli hemato.xylin and erythrosin, van Gieson, Idasson’s iron hematoxylin, 
Mallory’s acid fuelisin and aniline blue. Best's carmine for glyeogeiq 
.Maximow’s heniafoxylin-eosinazurc II for blood cells, Weigert-Parfor 
myelin sheaths, Bielschow.sk.v-Plicn for Nissl substance, ilaver’s muei- 
carmiuc for mucin, and impregnated for axi.s cylinders according to the 
silver impregnation method of Bielsehowsky-Agduhr. 
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An investigation of the reeoi-ded iiteiature on the subject of \aginal, 
ceivical, and corporeal mixed tumors indicates that the corpus uteri is 
dehnitely the least common site of their occiiri ence. These tumois luoie 
or less lesemhle certain other tumors of tlie type described by Wilras® 
as mixed tumors in the Iddney and elsewhere. They are distinct fioin 
sarcomas, rhabdomyoma, and teratoma of the uterus Their i.uiti, 
their remarkably Amried stiucture, the clinical pietuie they pieseiit, 
and aboim all, the problems of histogenesis to which they give rise, 
make, together with a complete list of veriSed published cases, the 
recording of each neiv ease an obligation. 


CVSe REPORT 


Mrs M H , a 67\earol(] iiliite, mniiied, female, pai.i n, was rcferitH to the 
Nathan Littauei Hospit.U on Apii! 3, 3018, foi leiiioial of a large pehic tumor. 

Piesent Illness — The present illness began nine months befoic ailmisMon with 
d>huna and fiequeney of unnatwn, progressiAe in character. Two months after 
the appearance of these unnnry disturbances, the patient noticed enlargement of 
the lower abdomen She complained at no time of pehio pain, lagmal blcodmg, 
dischaige, or of anr rectal disturbances The presenting symptoms which forced 
her to seek medical advice were d^suna and fiequeney of urination 
Faintly Mt^ioty — Essentiallj negative 

Fast ffistoiy — 7'he menstrual history was normal C.itamenw begin at the igc 
of 35 jears The menstiual periods occurred at logiilar intervals of twenty eight 
days with an average tloiv of seven davs Menstruation ceised siiddeiilv at the 
age of 4G years, and there were no distmbing postchmactcrie manifest itions 
At the age of 42 years a thjroidcctony had been poi formed. At the ago of o't 
jears the appendix, right tube, ,ind oiarj weio icmoied, at which operation a sin ill 
“uterine fibroid" was noted Otherwise, the patient alw.ijs onjoved good healtli 
Physical Fxamiualioa — The patient was a moderately nourished, elderly, white 


female, not acutel;> ill The lower abdoiiica .ippcared inodorafely .iiid umformli 
enlarged On abdomin.il palpation a fixed mass, mdcfinifo in outline, occupying the 
suprapubic area and extending to the left, <onld bo felt. In .iddition, moderate 
tenderness m the right lower quadiant of the abdomen ii is oiniftd Peliic evam 
inition revealed a multiparous introitus, a slight imii oid vaginal disi li irge, and no 
external evidences of infection. A mass, bird, fixed, smooth, and not tender, the 
size of a grapefruit, was felt in the region of the iifeiino body iiid ippi irid to <\ 
tend into the left parametrium The ecrvix w.is visu.ilued .ind appi ired norm il 


Otherwi'-e, plijsic.il ex imin.itioii did not appeir to he reiiurhahle. 

Laboratoiy Data — Urine, 'pciifn gr.ivily, 3 W_’, acid, 1+ allmmiii, nigtliw 
simar' and 2 to ! WBC per high power held 3Ieiintologic ifgh ('Xiwiomer), 
78°pcr cent, UBC, ,i,<)00.0()0, WBC, 30,100. Bifftniiti.il sim ir- pohmorphmui 
elcir leucOijtis, 31 per cent, sunll Umplioc^tcs, 31 per emt, 1 irge hmphoiyt,^, 
10 uerieiit, eosinophilc's, I perunt, nid bisophihs, ] piruiit, lomphimnt livitioii 
1^ Klim tests for svphilis, negitiie, s< dimciit ition rite. Is mm m one hour 
(\\mtrohe), blood urn nitrogen, 17 iiig. p< r leiit, pin noNullihoiu ptli iliiii (be ti .1, 
Dili dve excretion of 0-> Im r lei.t in two hours. 

‘ • . Qjj April f, T'-'', Iipirotomv wm jerforiiitd iindi r „isov,ig. ii 

Tnatiiita ^ [ilirine in i-s, fi erO, ■.iiKiolii ind lived, idhd the j,h)e / eviU 

ether am>~ w-i i,i , ulmi mli rmrlv ind lo i 1< (>J> of ihnm ; (eel. riorJi 

Hid w IS all" 'll,,. [, ft toll lid onri uer. m.rn ,1 Kv 

The right tube “w ^ U.m-.d lo.lhiog imo-mil V .opr, 

.imin lUftt I t. ft - elion-o ( Ipf ere romv r, prforjuf ('.mil ,i . 
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sti’ung closely together. As a rule, the cross striations were wholly ab- 
sent or only partly to completely developed in the indmdual fibers. In 
the embryonal myoblasts sectioned transversely, the cross-striations 
were disposed concentrically in the perinuclear cytoplasm. They could 
be brought into sharp relief by peripheral degeneration in the latter. 
A definite sarcolemma was not observed. In a few cells paired centrioles 
were noted in the cytoplasm in close proximity to the nucleus. 

The embryonal myoblasts commonly displayed a variable degree of 
degeneration (Fig. 2), Many of them were reduced to coarsely honej-- 
eombed and vacuolated cells with partial to complete loss of their longi- 
tudinal and cross-striations. The less severely damaged cells revealed 
swelling and separation of the longitudinal striations accompanied by 
karyorrhexis of the nuclei. 



Fiff 2. — Photomicrograph at X300. showing degenerated and necrotic embrj'onal nijo- 
blasts (hematoxylin and cr>throsm stain). 


In the sections stained for glycogen, the embryonal myoblasts com- 
monly contained an abundance of glycogen granules indicative of their 
immature character. 

No morphologic transition fi'om embiyonal myoblasts to uovmal adult 
smootii muscle coils could be traced. 

Smooth Muscle. — Van Gieson preparations often reveal isolated 
strands and bundles of adult, normal appearing, fully differentiated 
smooth muscle cells. 

Glands.— (Fig. 3.) Benign appearinsr glandular structures, strongly 
ie.semb!in<i normal endometrial glands of the uterine mucosa, were 
frequently incorporated within the substance of tiie tumor. Irregular 
in outline ami dimensions and not surrounded by uterine stroma'cells 
they ncre lined by u single Hat layer of medium to low columnar 
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The primary growth was composed of a wide variety of heterologous 
elements and structures among which the embryonal myoblast "pre- 
dominated and formed the essential matrix of the tumor. Only bone 
marrow and nerve tissue were conspicuous by their absence. Fresh 
and old hemorrhages into the substance of the tumor were frequent, and 
many small and large areas of partiallj^ to completel}’ necrotized 
embryonal myoblasts were present. 

Embryonal Myoblasts. — (Fig. 1.) These cells were irregularly laid 
down as variably sized solid islands and interlacing strands. Their 
individual variation in length and width was marked, ranging from 
10 y to 100 y or more in length. The cells assumed a wide variety of 
shapes, appearing round, oval, triangular, pjuuform, or even bizarre. 
Their nuclei varied eonsiderablj'’ in size, shape, number, and even in 










Pig. 1 . Photomicrograph at X375 from section stained with van Gioson stain sho\\iiig 

a field of embryonal myoblasts embedded In a \ asculari<:cd myxomatous slroin i. 

chromatin content. However, the majority contained a .siimle, relatively 
large, central or peripherally located nucleus with a [)rominent nucleolii.s, 
surrounded by a relatively spar.se nuinber of fnie chromatin •'ninule.s 
bounded by a densely staininir nuclear membrane. The rc.semhlance ol 
the nucleus to that of a normal "anglion cell in the central nervous 
system was often striking. Ifany of the emijryonal myoblasts were 
multinucleated, the nuclei often overlapping each other. .Mitotic figures 
• different stages of development were i-eJativcIy spar.se in /jumher. 
The eytopla-sin of the myoblasts was abundant and streamed out from 
♦Us nuclear poles for a variable distam-c. Tlmsc cyloidasmic pioccsos 
1 ♦ t- ,-e with each other to form a network, 

did no revealed wcll-dee(‘lopi ij, delicate, longitu- 
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strung closely together. As a rule, the cross striations were wholly ab- 
sent or only partly to completely developed in the individual fibers. In 
the embryonal myoblasts sectioned transvei’sely, the cross-striations 
were disposed concentrically in the perinuclear cytoplasm. They could 
be brought into sharp relief by peripheral degeneration in the latter. 
A definite sarcolemma was not observed. In a few cells paired eentrioles 
were noted in the cytoplasm in close proximity to the nucleus. 

The embryonal myoblasts commonly displayed a variable degree of 
degeneration (Fig. 2). Many of them were reduced to coarsely honey- 
combed and vacuolated cells with partial to complete loss of their longi- 
tudinal and cross-striations. The less severely damaged cells revealed 
swelling and separation of the longitudinal striations accompanied by 
karyorrhexis of the nnelei. 



Fig, 2. — Photomicrograph at X300. showing degenerated and necrotic embryonal m>o- 
blasts (hematoxylin and erythrosin stain). 


Ill the sections stained for gtycogen, the embxyonal myoblasts eom- 
monly contained an abundance of glycogen granules indicative of their 
immature character. 

No morphologic transition from embryonal myoblasts to normal adult 
smooth muscle cells could be traced. 

Smooth Muscle. — Van Gieson preparations often reveal isolated 
strands and bundles of adult, normal appearing, fully differentiated 
smooth muscle cells. 

Glainlt. -—(Fi'j. 3.) Benign appearing glandular structures, strongly 
resembling normal endometrial glands of tlie uterine mucosa, wei^ 
frequently ineorporated witliin tJie substance of the tumoi-. Irregular 
in outline and diinensioiis a!id not snrrounded by uterine stroma "cells, 
they were lined by a single fiat layer of medium to low columnar 
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epit]ielial cells. They revealed no morphologic evidence of secretory or 
menstrual activity or of malignant transfoi'mation. 

Myxomatous Tissue.— {Fig. 4.) A striking feature of the tumor was 
the large number of irregularly distributed areas of mesenchymal 
myxomatous tissue. They consisted of triangular or stellate-shaped cell 
bodies from Avhose points passed long, delicate protoplasmic strands, 
forming a mesh netrvork containing a slightly granular mucinous 
material stained pink in the Ma 3 "er muciearmine preparations. 



Fig. 3. — Photomicrograph at X2S0. showing a gl.ind within tlio .subst.inco of llw 
tumor resemblins- normal uterine endometrial gland and aiirioundod by einur>on.u 
niyloblasts (hematoxylin and crytliiobin stain). 
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Aclipohe Tissue. — (Pig. 5.) There Mere infrequent irregularly dis- 
tributed uoneneapsulatecl, small islands of adult nongranular fat cells, 
varied in size and shape. 

Collagen and Reticulum . — There were many small areas and bundles 
of eoUagen, sparsely populated by nuclei. The Wilder silver prepara- 
tions for reticulum showed a large number of wiry and stiff reticulum 
fibers. 

Cartilage . — There were occasional islands of cartilage composed of 
more or less mature hyaline cartilage cells embedded in a pinkish red 



Fig j — Photomicrograph at X3o0. showing an area of adipose cells (hemato\\Im and 

erjthrosm stain). 
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Staining matrix and surrounded by a thin zone of spindle-siiapod 
perichondrial cells. 

Hone. ^Adult osseous and osteoid tissue (Fig. 6) laid down as lamellae 
and without marrow cells between the latter was observed in only one 
area. 

Lymphatic Tissue . — There were many foci of massed, small round colls 
unaccompanied by germinal or iilasma cells. In the Maxiraow-stained 
preparations, the cells corresponded morphologically and tinctoriallj' 
to normal adult lymphocytes. They were interpreted as such rather 
than as primitive mesenchymal cells. 

Nerve Tissue . — large number of seetions stained for myelin sheaths 
and Nissl substance and impregnated Avith silver nitrate for axones failed 
to reveal any nerve tissue of any desci'iption. 

Blood Vessels. — -The tumor was, in general, richly vascularized by 
many neAv formed capillaries and veins. Clumps of characteristic em- 
bryonal myoblasts Avere not infrequentlj' present in the lumina of tlie 
larger, thin-Avalled blood spaces. No otlier heterologous element was 
seen Avithin them. 

Malignant Degeneration. — There Avas no CA'idenee of carcinomatous 
or sarcomatoiAs degeneration. 


AUTOPSY 

Autopsy rcA'caled a small, much emaciated, Avhito female a]) 0 ut (iO 
years of age. The peritoneal cavit 3 ’ contained a large metastasis over 
the left anterolateral portion of its wall. Smaller metastases Avere 
present over the anterior Avail of the i)elvic cavitj' and OA’cr the seiwal 
coat of the large intestine. Eacli pleural cavity contained about 50 c.c. 
of a blood-tinged fluid, and its visceral and parietal surfaces Avere stud- 
ded AV’ith nuiny metastases, firm in consistence and predominantly opa(lue 
grayish AA'hite in color. Tlie lungs and liver contained many scattered, 
round, metastatic nodule.s, measuring uj) to 6 cm. in diameter, and pre- 
senting a mottled .velloAvish red to opaque gra.vish Avhite color. The 
lumbar Ijmiph nodes A\-crc the seat of extensive neoplastic invasion. 

No permission for examination of the spinal cord and vertebral column 
Avas granted. 

ilicroseopicallj- the metasta.se.s Avere comj)o.sed only of embryonal 
mvoblasts in a primitive stage of development. These Avere often i)rc.sent 
in the smaller veins of the lungs and liver. 


IfKAII.'AV OP LITnUATI IU; 

Terminology- — The eomplex .stnielure and conqjosition of tliu bet- 
crotopic mesodermal tiv^ue tumors of the uterus and vagina have given 
rise to an extremely comjflex nomcnelatui e. .McFarlamP tabulated a 
list of no less than Hfi term.s employed (o di-,ignate ncopIa-.m.s Avliicb. 
on the ba.si.s of liistogcneiis and .structure, may rea.Muiably be grouped 
in om; ela.s.s (>ften the presence of .a dominant lis..,ue elctnent or of a 
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distinctive type of tissue has led to the confusing use of such terms as 
chondi’oma, myxoma, rhabdomyoma, etc. However, Lahm^® groups 
the latter as simple tumors unless they are heterologous in nature or 
the one-sided development of a mesodermal mixed tumor. 

McFarland has advocated the use of the term “ dysontogenetic tumor” 
to designate this entire class of neoplasma developing in the urogenital 
system. This term is too broad in its scope and does not delimit the 
nature and behavior of the growth. 

The term mesodeimal mixed or combination tumor fii’st proposed by 
Kehrer^^ and Meyer^^ is preferable to all others in that it Is simple and 
indicates not only the complex moi’phologic structure of the growth, 
but also its relationship to displaced mesodermal embryonal rests. The 
use of the adjective mesodermal, as MeiMe'® points out, is desirable 
since it eliminates from this category teratomas containing derivatives 
of all three germinal layers. 

The objection to the term fibro-myxo-ehondro-sarcoma lies in its de- 
scriptive inadequacy. It suggests that only these elements are present, 
when, in point of fact, any single one may be absent in a given specimen. 
Purthei'more, it fails to emphasize the presence of embiyonal striated 
muscle cells essential for a pathologic diagnosis, as well as other struc- 
tural elements. 

The term rhabdomyosarcoma employed by Glynn and Blair Bell is 
satisfactory in one respect in that it indicates the presence of a very 
characteristic type of cell, the longitudinally and transversely fibrillated 
embryonal muscle cells. It also connotes the presence of sarcomatous 
tissue, which may be absent. However, as a descriptive name, it is too 
limited by virtue of its failure to indicate adequately the composite 
nature of the tumor. For these reasons it has been rejected. 

Pfannenstiel*^ employed the term trmibige Sarkom, or botryoid 
sarcoma as it is known in this country and Great Britain, to describe 
graphically its grapelike character. This tenn is also unacceptable be- 
cause a botryoid appearance is by no means always present in the meso- 
dermal mixed tumors arising in the corpus of the uterus. On tjie con- 
trary, the corpus tumor is almost invariably polypoid in cliaraeter. 

To conclude, it was decided after careful consideration of all the term.s 
jn-oposed to accept that of Kohrer as the most satisfactory in the pres- 
ent state of our knowledge; viz., mesodermal mi.\ed tumor. 

Etiolodi/.—Tbove is no clear proof that either age or parity is a factor 
ot ctiologie importance. Although the great majority of the cases occur 
in mnlli])ara.s, there are insufficient data to draw any conchisions as to 
the etiologie signifieanoc of pregnancy. In addition, it is difficult to 
explain llie acoivige peak age incidence after menopause. 


lUSTOGEXESlS 

Th(> occurrence, in an organ developed from the dlullerian duet.s, of 
a neoplasm having tissue components of such wide variety has aroused 
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staining matrix and surrounded by a thin zone of spindle-shaped 
perichondrial cells. 

-Bone.— Adult osseous and osteoid tissue (Fig. 6) laid down as lamellae 
and without marrow cells betw'een the latter was observed in only one 
area. 

Lymphatic Tissue . — There Avere man3'- foci of massed, small round cells 
unaccompanied by germinal or plasma cells. In the Jlaximow-stained 
preparations, the cells corresponded morphologicallj' and tinctorially 
to normal adult lymphocjdes. They were interpreted as such rather 
than as primitive mesenchjnnal cells. 

N erve Tissue . — large number of sections stained for myelin sheaths 
and Nissl substance and impregnated with silver nitrate for axones failed 
to reveal any nerve tissue of anj'^ description. 

Blood Vessels. — The tumor Avas, in general, riehlj' vascularized by 
manj’- new formed capillaries and Amins. Clumps of characteristic cm- 
biyonal myoblasts Avere not infreciuentl.v present in the lumina of the 
larger, thin-Avalled blood spaces. No other heterologous element Avas 
seen Avithin them. 

Malignant Degeneration. — There Avas no evidence of carcinomatous 
or sarcomatous degeneration. 


AUTOPSY 

Autopsj' re\'ealed a small, much emaciated, Avliite female about (iO 
jmars of age. The peritoneal caA'it.v contained a large metastasis over 
the left anterolateral portion of its Avail. Smaller metastascs Avere 
present OAmr tlie anterior Avail of the pelvic cavit.v and OA'cr the seiusal 
coat of the large intestine. Bach pleural eavity contained about 50 c.c. 
of a blood-tinged fluid, and its visceral and i)ariefai surfaces Averc stud- 
ded AA’ith many metastascs, firm in consistence and predominantly^ oi)a(iuc 
gra.yish AA’hite in color. The lungs and li\’cr contained many’ scattered, 
round, metastatic nodules, measuring up to 6 cm. in diameter, and jirc- 
senting a mottled yclloAvish red to opaque grayish AA'hite color. The 
lumbar lymph nodes Avcrc the scat of extensive neoplastic inA'asion. 

No permission for examination of the spinal cord and A-ertebral column 
Avas granted. 

IMieroscopically the meta.sta.ses Avere compo.sed oifly of embiyonal 
mvoblasts in a primitiA-e stage of dcA’clopincnt. These AVere often present 
in the smaller A-eins of the lungs aiul liver. 


m.viEW OP mriaf.vTt'iti: 

'fcrminology—The complex structure and composition of the bet- 
• topic me.sodcrmal ti.ssuc tumors of the uterus and vagin.i have given 
to extremely comi)lex nomenclature. MrFnrluinl' tabulalcsl a 
‘ jjj; (crm-. cmp/otA'd to rjrdafin/c rirof/hia/i.-i which. 

r. T-'shs of histogenesis and .strm-ture, jiiay reasonably !)<• groiifad 
II the M-ss nns'-nee of a dominant chiiu nt or of a 

I one elas-s. t'u'ii i 
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which may be leveled not only at a Mullei’iaii but also Wolffian duet 
origin is the dormancy of the cell rests for several decades. It is im- 
possible, at present, to explain why these rests should slumber for j'ears 
and then suddenly spring to life despite their association with many 
pregnancies and monthly ovarian cycles, hleikle has suggested that the 
cell rests are activated by hormonal disturbances but has offered no evi- 
dence as to their nature and behavior, and in point of fact, no proof of 
their actual existence. There is no demonstration that chronic irritation, 
constitutional predisposition, infection, etc., are growth stimuli. On the 
other hand, the strength of the Mullerian duet theory lies not only in 
the location of the tumor, but also in the pluripotential capacity for 
differentiation of the indifferent embryonal cells into myxomatous tissue, 
bone, etc. Additional support for this theory Is offered by the rare 
presence of these tumors in the base of the urinary bladder. It is con- 
ceded that this theory is not wholly satisfactory, bnt it is the best offered 
so far, 

Tbei'e is much speculation as to which tissues or cells constitute the 
primitive matrix from which the other heterologous structures are de- 
rived. Wilms, Nicholson, and others believe that the embiyonal 
myxomatous tissue is the matrix on the basis of morphologic evidence of 
a transition between this and other tissues. On the other hand, other 
students hold that groups of small round cells morphologically re- 
sembling lymphocytes represent the common mother tissue. The bal- 
ance of evidence appears to favor an origin from embryonal myxomatous 
tissue. 


COMPAKISOX OF mSSODERMAL. MIXED TUMOR OF CERVIX AND 
BODY OP UTERUS 

iilixed tumors of the cervix are more frequently encountered than 
those of the corpus, the ratio being about 3 :1. There is a striking dif- 
feveuee in their age incidence. Tumors of the body occur most often 
about and after the climacteric, while those of the cervix almost always 
occur in women during tlie active sexual decades. Tumors of the vagina 
predominate in childhood and adoleseenee. 

Botli are clinically characterized by vaginal bleeding, foul leueorrhea, 
fulminating course, and a marked capacity for local recurrences. In 
miiTO-scopie structure they resemble each other closely, but differ from 
each other in gro.ss appearance. The cervical tumor is almost invariably 
arborescent in eliaracter while that of tlie corpus is nearly always 
polypoid in type and possesses a distinct pedicle. 

Tlie diagnosis of cervical tumors can be made much earlier and with 
greater accuracy because of their earlier toiulency to produce vaginal 
bleeding and Iheir aceexsibility to iii-spcetion and biopsy. For these 
rcAsons they are not as apt to be confused with benign le.sions as may 
often be the ease witli corporeal tuniois. 
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much interest and speculation in its ijenesis. At i)rosent, there are two 
prevailing theories; viz., those of Pfannenstiel and AVilms. 

Pfannenstiel has advanced the eonceirtion tliat the serio.s of het- 
erologous elements present in the tumor is derived from normal eon- 
nective tissue of the uterine mucosa bv a process of metaplasia initiateil 
by some indeterminate cause. This theory has today but few adherents. 
Aletaplasia can account for the development of smooth muscle, eartilace. 
and bone from meseneln'mal tissue but not for striated muscle cells. A 
transition from normal, adult fibroblasts to striated muscle cells dots 
not take place normally. Alorcover, the transformation of smooth into 
striated muscle cells has never been proved. The presence of striated 
muscle cells is best attributed to an origin from a muscle anlage. 

Nicholson'^ states that his ease of multiple primary mesodermal 
mixed tumors can be best explained on the a.ssumption of dedilferentia- 
tion and rejuvenation of the stroma of the uterine nuico.sa. Its cause 
is not known. It hardly seems reasonable that a physiologically and 
morphologically ripened tissue such as the stroma of the uterine muco.-xi 
can dedifferentiate into such diverse tissues as cartilage, mu.scle. etc. 


Islands of fully differentiated striated mu.scle cells have been de- 
scribed by Gerode"^ and Nehrkorn'' in the wall of two uteri removed 
after puerperal sepsis. Tlie.se were not a.ssociated with a tumor. irc.so- 
dermal mixed tumors cannot be a.scribcd to tlicir jiresence, although 
the striated muscle cells alone may well originate from them. 

AVihns'’ has proi)osed a theory of origin ha.sed c.s.seiitially u/ion f’dlnt- 
Iieim's hyi)othe.si.s of cell rests. He holds that the tumors spring from 
rudiments of primitive mesodermal ti.ssue (iisi)laccd and carried down 
from the lumbaj' legion by the Wolffian l)ody in its descent c.irly in fetal 
life. This theory is snjiported by the comjilicated cmbryidogic develop- 
ment of the giuiital tract favoring the dejiosit of cell rests and by the 
complex structure of tlu* tumor, (’arcful analysis of all tin- evidence 
leads to the conclusion that cell rests originating from llu- Wi>lffian bodif 
are not the source of these tumors. Ab.sence of strialeii muscle or ol its 
anlage in the Wolffian .system, as well as failure of tin se tumors to develop 
along the cour.se of the Wolffian «lnet, controverts the W'ilms’ theory. 


We a"ree with .Miinekeberg," Kehrer, ;nid I..ilim that it is moie prob- 
able that the cell rests arise fiom the .Miillerian duets .ifter their fusion 
to form the uterus and vagiim. .Meyer-’ -.taft s tliat indiu'eient mi- 
hrvoiud cell-list dis[.Ia.-em. nts of tin- .Miilleri.m duets are f.robabty v.i.'. 

• ■ Uetit in the region of tin- lUerus .md ’.agin.t and no; raie e-..n in (hr 
late montiis of f- ia! development. The r-sts .ir- ju. ant eho .'ty m tl.r 
lavo.'.e trinm. *.'}>• ei.dly if. ti. ■■ .ui'. rio.- .in-I p. re<r 

-v' . 

• „ . ,1 ...of mss.. 1 tomor.if, t;..- mo..d J. mi. nm -! >; u- V.e 

of .iir. - iron-'.'.-- V. 

.^i.yr.ilion oi the .Mob—- 
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Gieson, the exact freciiiency of sarcomatous degeneration cannot be de- 
termined Mutli accuracy. 

Microscopic Appearance. — The microscopic structure of the tumor is 
relatively more characteristic and important than the gross changes. 
Only by careful microscopic examination of a large number of repre- 
sentative and suitably stained blocks of tissue is it possible to establish 
the true nature of the tumor. Although its structure is theoretically 
broad, and, therefore, extremely complex, all of the possible heterologous 
elements and tissue may not be present. Furthermore, extensive 
necrosis and hemorrhage often lead to their destruction and disappear- 
ance. Therefore, any single structure may be absent, but the presence 
of embryonal muscle cells is essential for pathologic diagnosis. 

Embryonal Myoblasts. — These are present in various stages of de- 
velopment and in a variable number. Thus, in the cases of Gamper, 
Lawen, and our owip the bulk of the tumor consisted of embiyonal 
striated muscle cells. The more primitive cells are spindle-shaped ivitli 
a relatively large oval or ovoid single nucleus, vesicular in character, 
and frequently presenting mitotic figures. Thej* do not constitute the 
stroma of the tumor but are an integral part of it. Unless stained with 
van Gieson’s method, they may be rapidly confused with sai’comatous 
cells. 

The larger and more fully developed cells are spindle-shaped or 
round, depending upon the plane of the section, and either long or 
short. They are arranged in groups or bundles. Tlieir cytoplasm, 
which tapers to a blunt cud, constantly presents a well-defined longi- 
tudinal fibrillation. A smaller number appear transversely fibrillated 
in part or in whole. With suitable stains the cytoplasm may sliow 
glycogen granules, a sign of tlieir cellular inimuturity as first pointed 
out by Marchand. The presence of fibrillation alone or associated with 
glycogen is an important cellular diagnostic criterion. The cells are 
either uni- or multinuelcated. The nuclei are large, occupidng the 
greater part of the cell, and characteristically vary in position. They 
appear irregular in outline and either vesicular or hypereliromatic. 
They show single or multiple mitotic figures. In view of their invasive 
properties, their presence in large numbers, especially within blood 
vessels, is a sign of grave omen. 

S}Hooth Muscle. — Isolated strands or bundles of adult smootii muscle 
cells, staining a characteristic brownish yellow color with van Gie.son’s 
stain, are frequent. 

Mi/xomiilous 2'miic. — Tlii-s- varies in amount and is nior[)hologieal!y 
charactevistic. The cell bodies are .stellate or triangular, with long 
proloidasmic strands streaming fi-om their points to form a loose net- 
work containing a clear or slightly granular niatei-ial. The nuclei of the 
cells arc single and either round or oval. 
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GEXERAE pathologic DESCRIPTIOX OB' -MIXED TUMORS OB' COKl'US 

OF UTERUS 


Macroscopic Appearance . — ^Assuming that these tunioi's arise from 
cell rests of miillerian duet origin, tJie corporeal tumors, as woiilii I'o 
expected, originate in the wall of the uterus, especially from tlio ])o^• 
terior wall of the corpus. They lead to a variable and generally globular 
enlargement of the uterus. The external surface of the uterus is umi- 
ally smooth exeejit, perhaiis, for an occasional fibrous tag or sulHcrou.'' 
tumor nodule. 

The volume of the tumor may attain considerable dimension.s, reacbiiii' 
the size of an adult’s head, and extending upward out of the jielxie 
cavity into the abdominal cavity to tlie level of tlie umbilicus or abo\e. 
The timior constantly bulges out into the uterine cavity, iii.stcmling it 
for a variable degree. 

In contrast to the well-known arborescent, grajielike form of llie 
cervical type, corporeal tumors appear almost always as polyjioiil m.Lssi\ 
projecting into tlie uterine cavity from a broad submucosal base. 'I’lie 
tumor seldom presents itself as a solitary large polyp atlachetl to the 
uterine ivall by a pedicle. 

The growth is usually submucous in location and is either sharjily ile- 
limited or in.son.sibly fu.sed with the myomclvhim, which is lejil.ii'nl 
either in part or in whole by tumor tissue. The mucosa above its .it- 
tachment is either variably thickened or eomiiletcly destroyed by tumor 
as was the case with the tumor heroin described. Commonly, the siirf.ue 
of the growth is covered with a \ariable number of polyjioid exeiescciiits 

As would be expected from their genesis, lui.sed tumors of the eoipus 
reveal a marked variation in their uiaero.seopie appear.ntee, deju'uding 
upon the number and relative proportions of Ihi'ir strnctin.il imii 
jionents. The cut .surfaces are lobni.ited and a variegatul and mottbd 
led to broivn to jiink to gr.iyi'.h white in color, and .ip/ic.ir fraiislm cut. 
gelatinous, oiiaipie, and op.deseent. .Sliouhl the embryou.il musele tis.iie 
jiredouiinate, the color will be es.-.i-nti.dly L'r.i\ ish innk in color, t'.ir 
til.ige is only oee.ision.illi f>resent in sn/iieieiitiv J.nae .imonnfs to b>' 
identifiable .is .such. The c-oiisis|eiici. <if the tumor is very v.iri.iblc, 
bein'' verv soft .ind fri.ible in .in. is of meio-is. .nid dense ,nid tmmdi 
in others, t’y.sfie e.ivitus of v.iii.ible dnmnoou-. Jim d In sunj'u, 
laerotie vv.dls tnel lilhd witli .i liloodv »r loul sun Ibng ioirubnt (luid, 
lie often jiuseiit. Tiiev m.iv b.- p.dji.it. d .is .ill ,1 1 "1 di .ton t tbii to item 
\reas of old .nid »i'sb .'n un.i .lit On -iti'.ii, no. 
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formed, and the operative findings recorded in the literature are, as a 
rule, incomplete. 

As with other malignant tumors, the mode of spread is largely gov- 
erned by the aggressive nature of the tumor cells and by the texture 
and vascular and lymphatic richness of the stroma of the growth. Local 
extension into the uterus takes place essentially by infiltration of pre- 
existing or potential tissue spaces. The distant metastases are readily 
accounted for by venous invasion favored by the infiltrative destruction 
of the capillaries and veins, especially by the myoblasts. The Ijunphatics 
apparently play but a minor role as a channel of extension for local or 
distant metastases. There is no direct relationship betiveen the extent 
and degree of the myometrial invasion and the number and distribution 
of the distant metastasis. 

Despite the marked tendency to local invasion and postoperative 
local recurrences, tlie parametrium, bladder, and rectum are not invaded. 
Extension into the eenix with effaeement of the cervical canal and 
deviation of the normal cervical axis has been observed only in tlie cases 
of Halter and Herb (Table I) . Except for ovarian metastases in Nichol- 
son's case, there is no other instance of invasion of the tubes or ovaries. 

xllthough the Ijmiphatics of the eoi-pus uteri drain into the lumbar 
Ijmiph nodes, metastases to them occurred only in our own case. 

The pleurae, lungs, liver, and pelvic and abdominal peritoneum are 
the most common sites of remote metastases. In our own case, the pul- 
monary metastases were composed wholly of embryonal myoblasts. 

PATHOLOGIC DIAGXOSI.S .VXD PATHOLOGIC DIFPEREXTIAL DIAOXOSIS 
OP JtE.SODER.U.VL .MIXED TUMORS OF CORPUS UTERI 

The microscopic diagnosis of these tumors should offer no difficulty 
provided tliat a large number of repre.sentative blocks of tissue differen- 
tially stained with van Gieson or with one of Hasson's triehronie stains 
an* carefully examined. The diagnosis can be established with certainty 
only by the demonstration of embryonal myoblasts in combination with 
one or more otlicr heterologous elements such as myxomatous tissue, 
cartilage, glands, etc. The reason for the necessary presence of the 
embryonal myoblasts is that its presence can be accounted for only on 
the basis of an origin from displaced embryonal cells. Although essential 
for diagnosis, the mere presence of striated embryonal muscle cells alone 
does not warrant the diagnosis of mesodermal mixed tumor unless it can 
lie shown that rhabdonn'onm or rhabdomyo-sareoma is a one-sided ‘de- 
velopment of a mixed tumor. Their presence in association with heterol- 
ogou.s elements .serve.s not only to settle the diagnosis but also to eliminate 
such jtossiiiie sources of eonfii.sion as corporeal eareinoma, endometrial 
polyp, fibroma undergoing o-ssification or cartilaginous changes, fibro- 
myoma with or without calcification or ocea.sional o.ssifieation. intlamma- 
tion uitli diverse .secondary nietaplastic proeexses, chondromas lifiomas 
etc. 
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i.i'.ermt: the tuiiii>r fui'. hieii th''crif»<l. hitt this um-. not pvi-'eiit in ouf 
tnni iM-'C (h ipite tile I'XonuiKititin oi a lan;e iiumher of tiv.ue iiloeks taken 
I'roin the siirt'ace ot the tuiiun*. 

lihi.id I't-'.'i/'.' -rsiially fhcM- tiimoi-s are richly va.>eularii:e(l by thin- 
w.illeii bliHul \t.v,els lineii by a .•-int.’Ie layer of etulothelial cells. 

Mt Itt-sItiM S ami Local lln urriiici.i. — There is a ilefitute (ondeney to 
.-.implitleation of the coinple.v .stnietnre of the parent uterine tumor in 
the nieta.sta.ses ami local reeiirrenee.s .so that the luieroseoiiie i>ieture in 
the I'lttei' i.s more simple ami uniform ami dominatetl, as a rule, by 


eiubrvonal myoblasts. 

fu'cal Mitaslases . — Althoiiydi approaehini,' ehorion- 

•1 .r a in >1^ malit^mint behavior, it is not yet jiossibie to indicate 
" -v the lU'Ceise local and rlistant e.xteiusions of this tumor be- 
with acuiint. complete autopsies liave been per- 
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formed, and the operative findings recorded in the literature are, as a 
rule, incomplete. 

As with other malignant tumors, the mode of spread is largely gov- 
erned by the aggressive nature of the tumor cells and by the texture 
and vascular and lymphatic richness of the stroma of the growth. Local 
extension into the uterus takes place -essentially by infiltration of pre- 
existing or potential tissue spaces. The distant metastases are readily 
accounted for by venous invasion favored by the infiltrative destruction 
of the capillaries and veins, especially by the myoblasts. The lymphatics 
apparently play but a minor role as a channel of extension for local or 
distant metastases. There is no direct relationship between the extent 
and degree of the myometrial invasion and the number and distribution 
of the distant metastasis. 

Despite the marked tendency to local invasion and postoperative 
local recurrences, the parametrium, bladder, and rectum are not invaded. 
Extension into the cervix with elfacement of the cervical canal and 
deviation of the normal cervical axis has been observed only in the cases 
of Halter and Herb (Table I). Except for ovarian metastases in Nichol- 
.son’s case, there is no other instance of invasion of the tubes or ovaries. 

Although the Ij-mphaties of the corpus uteri drain into the lumbar 
ljunph nodes, metastases to them occurred only in our own case. 

The pleurae, lungs, liver, and pelvic and abdominal peritoneum are 
the most common sites of remote metastases. In our own ease, the pul- 
monary metastases were composed wholly of embryonal myoblasts. 

PATHOLOGIC DIAGNOSIS AND PATHOLOGIC DIFFERENTIAL DIAGNOSIS 
OF JIESODERIIAL MIXED TUMORS OF CORPUS UTERI 

The microscopic diagnosis of the.se tumors should offer no difficulty 
provided that a large number of representative blocks of tissue differen- 
tially stained with van Gieson or with one of IMasson’s trichrome stains 
are carefully examined. The diagnosis can be established ivith certainty 
only by the demonstration of embryonal myoblasts in combination with 
one or more other heterologous elements such as myxomatous tissue, 
cartilage, glands, etc. The reason for the necessaiy presence of the 
emliryoual myoblasts is that its presence can be accounted for only on 
tlie basis of an origin from displaced embryonal cells. Although essential 
for diagnosis, the mere presence of striated embryonal muscle cells alone 
does not warrant the diagnosis of mesodermal mixed tumor unless it can 
1)0 shown that rhabdomyoma or rhabdomyosarcoma is a one-sided 'de- 
velopment of a mixed tumor. Their presence in association with heterol- 
ogous elements serves not only to settle the diagnosis but also to eliminate 
such po.ssible sources of confusion as corporeal carcinoma, endometrial 
poly]), fibroma undergoing o.s.sification or cartilaginous changes, fibro- 
myoma with or without caleifieation or oceasional ossification, inllamma- 
tion with diverse secondary inetaplastic proees.ses, chondromas, lipomas 
etc. 
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'i’'*- ‘M mI.',! nuN.-!.- in Iln- nf .iirtVrti.tK.l .tain- 

Kik' C.sn hr i-.'.itliiy (.v.-rfijoin-tl or ronfn.Ml with ^.irroiiiatoiis calls. .\n 
It . tii * iH .it anil may ithvun* tin: iai('ro^i'Oi)ii: 

pntuii .iitii ittfn-.i.'.fA tin- fliaiit'c-. ot' failure not only in detectin'' 
• niitvoioii in V lol;I.i-,f.^ hut al.so ofloT iieteJ'idoyous elenieiit.s. Ditit'- 
1(11, til- euti'ti,i!;r lint only m.iy tail to n-veal the true nature of the 
tiinior, hut also ni.ty he .u-tii.illy nii.-,leadin'' if the eiirette fails to serajie 
<('.va> ,t I'htU'.teteri itie iiortion of tJie tiinior. 

A eurjmie.ii •..ireoina, ari-,inj,' either j/t the imwtiiu or iiiyometnuiii. 
e'.|ieei.tlly it {lolvjiohl. '.:rox-,Iy reMeiiihle.', a certain type of nie.'toderinal 
liii.xeil ttiiiior ot the cori'ii-,. The eharaeteri>itic "niw jiork" appcarani'C 
in ■i.ircoina ih-icriiied hy I’uHen .'>!ioiil<l "iiiu'^c.^t the true nature of the 
Itnuor. Ihiuever, di -.pile the wide lirnils of variation of tlie eell .stnie- 
ItireH ot sarcoma, the eotidiinatioti of embryonal niyohIa.st.s and other eoii- 
stittient (dements readily diftVrenliates the two eomlition.s. The oc- 
eurreliee oi a sarcoma in a pree.xistin;; tihromyoma Ls diii’anostieally de- 
eisive in that there is 110 proved instance of such a develojiiucnt in 
mesodermal mixed tumor. 

.Mixed tumor is distituiuished without dirtieiilty from true teratoma 
of the uterus by the aiisenee of rudimentary orttaidike ma.sse.s of fetal 
ti.vsues derived from all three uvrininal layers and ju-e.seiit in a di.sordcrly 
fttshUm. 

lUiabdoinyoma is rarely eneoiintered as ;i tumor but oeeiirs most com- 
monly in or adjacent to the i;enitoiirinary sy.stem. Instances of this 
tumor have been de.serilied as arbsinj' in the iitenis, va.trina, and ovary. 
Hoth tumors eonlain emliryoiiai myoidasts’ in various slajics of differenti- 
ation, hut the eomidex nature of me.sodermal mixed tumors readily 
differentiate.s it from rhalidomyomn. 

Abriko.ssoir’s " Mijohla.-ilciniu/omc’’-'’ is another tumor wiiieh may be 
confused with im’soderiiml mi.xed tumor in that it arises from primitive 
embryonal myolilasl.s. The ^rrowth oeeiirs most commonly in tissues and 
orjran.s normally eontainin.tr striated imiseie eclls, such as the tongue and 
voluntary musculature. However, it may arise in situations where 
striiied muscle is not normally present. Therefore, its oecurrence in the , 
uleni.s is iiossible, although a careful search of the literature has failed to 
reveal any priinar.v instanees of this tumor iu the uterus. Grossl.v, this 
tumor differs sharply from mesodermal mixed tumor, appearing as a 
small pale red or yellowisli growth with or without areas of hemorrhage. 

The absence of longitudinal or transverse striations and of glycogen in 
the large and cbaractoristically granidar undifferentiated tumor cells of 
myohlastenmyotno as well as of heterologous elements are decisive in dif- 
ferentiation' 

SYJIPTOaiS 

The symptomatology is essentially similar to that of corporeal ear- 

nterus Postmenopausal bleeding and foul discharge 
einoma of the uieius. 
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are the chief presenting symptoms. The hemorrhage may be profuse oi' 
slight. Frank bleeding is readily explained by the tendency to ex- 
tensive necrosis and ulceration in a large tumor in which the vascular 
supply fails to keep pace with the rapidity of growth. 

Pelvic distress and lower abdominal pain may occur but are usually 
late in appearance. They are varied in character, being either slight 
or severe, intermittent or continuous. 

In contrast to cervical cancer, symptoms referable to hydronephrosis 
and pyonephrosis do not occur. Compression of the ureters by the 
tumor or actual invasion of the bladder did not occur in our case and has 
not been described. This mar' be due to the fulminating malignant 
character of the tumor, so that insufficient time elapsed for the develop- 
ment of these complications. In point of fact, urinary symptoms, such 
as dysuria and increased frequency, are not the rule. A review of the 
literature failed to reveal any symptoms attributable to pressure upon 
the rectum. 

There are a marked anemia, cachexia, and debility in the terminal 
stages of the disease. 

PHTSIC.VL SIGXS 

The growtli is centrally located in the uterus, usually regular and 
rounded in contour, and in consistence is comparable, as a rule, to that 
of a fibromyoma. If large, it is readily felt on abdominal palliation and 
may even be palpated at or above the level of the umbilicus. Most fre- 
quently the mass is freely movable because of its tendency not to invade 
the parametria. Since tliere is rarely invasion of the adnexa, no masses 
are felt in the fornices. The growth may pro.ieet through the cervical 
canal and even into the vagina as a friable, broken-down mass. In von 
Franque’s'- case a tumor the size of a man's head was felt through the 
dilated cervix as a soft, polypoid mass, in part degenerated, and dis- 
charging a yellowish, purulent secretion. Again in Halter's ease the 
vagina was filled in part with a necrotic mass and in part with polypoid 
tumor masses. 

On examination the findings most characteristic of a mixed tumor of 
the corpus uteri are its large, smooth, rounded contour, and absence 
of fixation. 

CLIXIC.VL nUGXOStS 

'I'he accurate clinical diagnosis of the disease is impossil)le because of 
the origin of the growth in the myometrium, .so that curettage in the 
early stage is not likely to reveal changes indicative of the lesion. The 
tumor must be distinguished primarily from the more common post- 
menopausal causes of vaginal bleeding and discharge, such as carcinoma 
of the corpiui and cervix uteri, sarcoma, myoma with secondary sar- 
coniatous development, and granulosa-cell carcinoma. The most con- 
fusing condition in the clinical differential diagnosis is corporeal cai- 



tilit t(t .h, utriii). At '1 III* t{ tfidior rati .ixiipected 

I'll til.' Im-,1, mi’ raj.i.iiy iVu-ly hlrvtliiiL'. smooth, lar-'e, 

• l.liiiit.'ly .l.'iii.in'at.'.j, t’limlal tumor, liotii .loveiop 

tyi'i.'aliy .lU.r mfii..(mii au.l th.-ir cliuic.t! luotiirc.-j re.-Mmihle tacii 
oth-r I'V.'pt tor the .itiiVr.'ii.-, , in th.* imj.i.iity oj‘ thoir roiiiM'. The 
liu.il 'illti'ri'iiti.aiou t.i till- tu.. coniiitioiis rt-,!-, u[)oii a mireuil e.Kaiuina- 
tiiiii ut .1 huui- niKiilitT of ti'{>r.-,.'iitntivo and .suitauly .itaineij .seetiojii. 

U is liis-iily (luiifittiil uiicthi-r vLitml oIiM-rvatiou of the tumor pro- 
jiftiiii; into tfi>- v.'iiuM lea.i to eorreet (iiai;iii>.ii.s. 


I'orust: .i.vn rtimiNimis 

Ihe |iroi;n<iiis is uniformly unfavorah!.*, rivaling* that ot chorion- 
|•^>^tiu•liollm, A|jart fia.m a eertain pereenta','.' of deatlis oceiirriiig alter 
operation, all ot the verified eases .siieeiiiiihed within .si.v to twelve montii.s 
or hss att.-r tlie onset of tiie initial .sympt.uus regardle.ss of the type of 
tre.itnient iiistitiitetl. T'lie only .siiegle e.'ceeption was* the patient of 
ti.imper,"' who survived four and onedialf .veal's at date of piiblientioii 
in lil'Jtj. 'I'liere are no tive-.vear eures. 

Althoii'gh tile evideiiee is .still inadequate, it woiihl appear from our 
own ease and from those of l.iiwen and a few others that a preponder- 
aiiee of einhryonal myohhusts in Ihe primary growth is an unfavorable 
sign in view of the propensity of these eeJis to proditee nielastases. 

.Most of the patieiit.s have died in a state of malignant anemia anil 
eaehe.\ia due to loeal jielvie reetirrenees and remote nietasta.ses to the 
liver and lungs. 

Tl{i:.\T.MK.\T 

If it has been shown with rea.sonable eertainty that remote metastases 
have not developed, removal of both tubes and ovaries and the entire 
uterus is indieated. This is warranted b.v the gravity of the disease, 
the earl.v invasion of tlie blood stream, and the speed tvith u'hieh it 
leads to a fatal termination. 

Ifadieal pelvie surgery should be followed b^- a course of deep x-ray 
therapy. The law of Bergonie and Tribondeau^^ states that the radio- 
sensitivity of a tissue is proportional to its reproductive capacity and 
inversely proportional to its degree of differentiation. Seott-^ has 
furnished ample evidence to show that radioresistance increases with 
the change from the embr.vonal to the adult state. The most spectacu- 
larly sensitive growths are MTlms’ tumor of the kidneys, seminoma of the 
testicle, lymphoepitlielioma of Schmincke, embryonal carcinoma of the 
ovary and lymphosarcoma. Inasmuch as the myoblasts usually foi-m the 
bull' 'of flic tumor and are embryonic, undift’erentiated cells, post- 
\tive deep -x-ray therapy is worthy of a trial. There are no eases on 
Xtrd cured for a five-year period by radium or deep x-ray therapy 

alone. 
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STOOURY 

Cases of mesodermal mixed tumors of the body of the uterus were col- 
lected from the literature and were critically analyzed. An additional 
case of our own has been described. In the light of present evidence, 
an origin from embryonal cell rests of the miillerian duct appeai-s to be 
the most acceptable today but is not completely satisfactory. 

This group of tumors has been demarcated from other complex tumors 
of the uterus, such as teratoma, rhabdomyoblastoma, complex sarcomas, 
etc., by the adoption of certain pathologic criteria. The necessity of the 
presence of embr3mnal myoblasts in association with one or more 
heterologous elements for pathologic diagnosis was emphasized. At- 
tention has been drawn to the grave prognostic significance of a pre- 
dominance of embryonal myoblasts in the primary growth due to their 
propensity in invading the blood stream. 

The clinical picture of these tumors is described. Due to early ex- 
tension into the blood stream, complete removal of the uterus and its 
appendages is indicated. Postoperative deep x-ray therapy is worthy 
of a trial because of the essentiallj’’ embryonal character of the tumor. 
No five-year cures have been reported in the literature. 

We are indebted to Dr. John A. Sampson, of Albany. N. T., for his helpful criticisms 
and suggestions. 
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NONTEAUMATIC INTEACEEEBEAL HEJIOEEHAGE WITH 

CLOT POEJIATION 

A Eeport of Six Operative Cases 
Eolaxd jM. ICleaiaie, JiLD.,* St. Louis, jMo. 

I *HE incidence of subcortical hemorrliage with clot formation witli- 
out history’’ of trauma seems relatively low. Either tliis is clue to 
lack of recognition of the sjmdrome or to the actual infrequency of the 
condition. The etiology of this sj’iulrome continues to be a subject of 
much controversy. Because of these factors, I feel that it is pertinent 
to report six cases of nontraumatie subcortical liemorrliage with clot 
formation and to review the literature. 


ETIOLOGY 

Charcot and Bouchard^ introduced the theory, and adduced eviclenee 
from eases, that such hemorrhage was the direct result of the ruptui'e 
of miliary aneurj-sms. This theory iirevailed in textbooks and writ- 
ings on the subject for many years. Globus and Strauss,'- in 1927, re- 
viewed the literature and came to somewhat different conclusions. They 
stated, from tlieii" own e.Ypen’ence, the belief that spontaneous intra- 
cerebral bleeding was the consequence of ( 1 ) an area of softening about 
an arteriosclerotic vessel and (2) hemorrhage from the previously 
weakened. vessel. They believed, along with many of the older pathol- 
ogists, that the hemorrhage is the result of rupture of a diseased blood 
vessel Avliicli may or may not have aneurysmal dilatation. These two 
theories have numerous adherents. Neither theory, however, will e.K- 
plain the occurrence of spontaneous intracerebral bleeding in every 
patient, both young and old. Intracerebral bleeding with clot forma- 
tion has been a common autopsy finding and subsequent search has 
often failed to reveal the e.xpected aneurysmal dilation of an intra- 
cerebral vessel. Jloreover, softening of brain tissue about blood ves- 
sels can hardly be given as a cause of intracerebi-al bleeding in a 
young individual without jn'iinary general or localizeil arteriosclerosi.s. 


CASES FRO.U LITKR.VTUKE 


Few neurosurgeons have had the temerih- to consider operation ad- 
visable in patients with evidence of .spontaneous intracerebral hem- 
orrha^e. Some of these patients are often very poor operative risks 
and operation would indeed be but a feeble gesture. 'I’liere are .some 
■'istances however, where operative proeedures are definitely indi- 
There have been si)oradie reports from the literature from time 


Keceived of .V..iiriil.>„-ii .it .Sur?-r>-. .--I. t•/liv.•r.^lt>. 
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to time of operative intervention with some degree of success in lo- 
calized mtraeerein-al bleeding. 1 have collected seventeen cases in 
which there has been operative intervention, cases of spontaneous 
Irleeding into cerebral tnmovs, ruptiwe of lenticulosti'iate ai'tevy, mid- 
dle meningeal hemorrhage; instances of post -traumatic bleeding are 
not included (Table I). 

Table I 


DATE 

sea: 

PRE- 

OPERATIVE 

MAG.VOSrS 

suRGEo:; 

AGE 

dop.atiok 

OF SYMP- 
TOMS 

OPERATIVE 

RESULT 

i9or. 

ii 


Cushings 

40 

36 hr. 

Death, pneumonia 

2 days 

1900 


Hemorrhage 

Spiller- 

40 

6 vrk. 

Death 

1.9.1.'; 

AT 

Tumor 

AJson .iml Craigs 

37 

0 wk. 

Becovery 

19-19 

P 

Tumor 

Alison and Craig 

20 

6 wk. 

Eecovery; deatli 3 
mo., Streptococ- 
cus virMaiis 

lO.'lS 

At 

Tumor 

Adson and Craig 

25 

13 days 

Becovery 

i9;i2 

F 

Tumor 

Adson and Craig 

30 

5 wk. 

Eecovery 

19.14 

At 

Tumor 

Adson and Craig 

46 

10 days 

Becovery 

19.14 

AI 

Tumor 

Adson and Craig 

35 

6 wk. 

Death on ninth po.st- 
operative day 

19:!2 

F 

Tumor 

Bagleys 

48 

22 iuo. 

Death, liemorrhage 
into cavity 

1012 

P 


Bagley 

39 

5 hr. 

DeatU^ 10 days, 
pneumonia 

19:12 

AI 


Bagtcy 

49 

6 mo. 

Death 

19.12 

AI 


Bagley 

43 

6 mo. 

Becovery 


M 


Bagloy 

35 

1 hr. 

Becovery 

!9.'12 

F 


.Vndre-TItomas, 
Seiiaelfer, de 
Alartel, and 
Guillauineu* 

.17 

2 mo. 

Recovery 

1927 

F 

Tumor 

Krone and Alintz* 

54 


Becovery 

19:1:1 

AI 

Hemorrhage 

Benfieldo 

14 

5 days 

Recovery 

19:1:1 

F 

Hemorrhage 

Bentield 

40 

6 days 

Becovery; sudden 
death 6 mo. later 


hroiti a .stinlj' of these eases certain things are apparent. Eight of 
tbe.w 17 ca.ses irere operated npon with diagnosis of intracranial neo- 
pia.sm. Five of the 0 operative cases which I am adding to this num- 
ber were likewise operated iijion with a diagnosis of brain tinii 02 ’. 
I he age.s laiigetl from 14 to 54 ycar.s. Duration of .symj)tonis previoii.s 
to time of operation ranged from one hour to sis months. 
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SUKGERY 


Spillei',' in 1908, stated that the duration of life of i^atients with 
hemorrhage into the brain ranged from five hours to two months. The 
eases listed above show this to be definitely on the pessimistic side. 
Of these 1/ cases, there were 11 operative recoveries. Cushing’s® case, 
in 1903, died of pneumonia on the second daj'. Penfield’s® second case, 
reported in 1933, died suddenly six months postoperatively; post- 
mortem was refused. One of Adson and Craig’s cases, operated upon 
in 1929, died of Streptococcus uiridans three months postoperative!}’; 
post-mortem was refused. In Bagley’s series there were 3 operative 
deaths, 1 with hemorrhage into the cavity after evacuation of the clot, 1 
with pneumonia after ten days; post-mortem was refused on the tliird 
ease. In Spiller ’s ease, reported in 1906, the patient died shortly after 
operation. These results umuld lead one to believe that, in certain care- 
fully selected cases, operation might be tlie treatment of choice rather 
than the more or less watchful waiting of other years. The period of 
time elapsed from onset of symptoms to tlie operation, in tlie above cases, 
where a fatality resulted, ranged from tliirty-six hours to six months. 
In those sustaining operative recovery, the time elapsed vmried from one 
hour to six months. Time elapsed from onset of symptoms would thus 
not appear to be a good criterion as to whether or not operative inter- 
vention would be successful. The age of the patient would likewise ap- 
pear to have little bearing on the outcome. The average age of the 
recovered eases and those udio died was approximately the same. Fur- 
thei’more, the pei’centage of recovery, with ultimate favorable prognosis, 
would seem actually to make one more enthusiastic than many a similar 
series of patients operated upon with a diagnosis of brain tumor. 


AN^VLYSIS OF C.VSES, INCLUDING 6 C.ISES BEING REPORTED 

A study of the symptoms and signs exhibited by these 23 patients is 
interesting and informative (Table II). 

Headache and unilateral motor weakness were the predominating 
s}Tnptoms, being present in 20 and 21 instances, respectively. The blood 
pressure was elevated in only 6 instances. Convulsions were e.vhibited 
bv' 2 patients. Choked dislis were present 14 times. Five patients had 
a hemianopsia, the lesions in tiiese cases being distributed about 
evenly between the temporal and occipital areas. Aj)Iiasias were present 
in 4 instances and pyramidal tract signs in 13. 

The lesions were distributed as follows; temporal, 14; occipital, 3; 
frontal, 4; temporal-parietal, 1; ecrcbellar, 1. 

I have operated upon the last 6 cases included above with 5 ojicrative 
recoveries and with a satisfactory clinical result in each ca.se. 

C.VSE REPORTS 


17 year.'', :iilmitttil to .St. I,uki;'.s Ilo-iiital 

o -Iiicf complaint lu-ait.-irlic, lilin<I(R-.-<, nau.-c.-i, nn.l \omi 
)35, wi I lK,'forf cnli-rin;,- tin- iio..<pilal, lie nof. ij a 

eek’s duration, unc 


on Oft. lit, 

, ^ tJIi^ of OOf 

]»f iiofi'il a fharp ‘‘on- 
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BLOOD 


DATE 

HEAD- 

ACHE 

•WEAK- 

NESS 

EXE SIGKS 

FOCAL signs 

LESION 

PRES- 

SURE 

1903 

Absent 

Left 

Choked disks 

DifBcult speech 

Left temporal 

300 

1900 

Absent 

Right 

Choked disks; 

Bight hemiple- 

Left temporal 


1933 

Present 

Bight 

homony- 
mous hemi- 
anopsia 
Choked disks 

gia 

DifBcult speech 

Left frontal 

no 

1929 

Present 

Left 

Choked disks 


Eight temporal 

lOo 

1932 

Present 


Homonymous 

Aphasia 

Left temporal 

no 

1932 

Present 

Eight 

hemianopsia 
Ptosis right 

Right hemiple- 

Left temporal; 

100 

1931 

1931 

Present 

Present 

Left 

Left 

Choked disks 

gia; right 
seventh 

parietal 

Bight frontal 
Left frontal 

123 

no 

1932 

Present 

Right 

Choked disks 

Right hemiple- 

Left temporal 

200 

1932 

Present 

Right 

Choked disks 

gia 

Right hemiple- 

Left temporal 

220 

1932 

Present 

Right 


gia 

Right hemiple- 

Left temporal 

210 

1932 

Present 

Eight 

Choked disks; 

gia 

Left temporal 

120 

1932 

Present 

Right 

homony- 
mous hemi- 
anopsia 
Choked disks 

Right hemiple- 

Left temporal 

ICO 

1932 

Present 

Loft 

Clicked di.sfcs 

gia 

Left hemiple- 

Right temporal 



ffia 

1927 Present Central right Cerebellar 120 

seveatli 

1933 Present Bight HeiuipJegia Left temporal 

right 

Apliasia 

1933 Present Bight Choked disks Aphasia Left temporal 

]9.75*(1) Present Left Choked disks Left Babinski Right occipital 110 

and Oppen- 
heim 


I93r>‘(2) Present 

Altitudinal 

hemianopsia 

Right Occipital 

320 

1930* (3) Pre.Mjiit Left 


Left Babinski; Right temporal 
reBc.ves in- 

ns 

ci; 


creased 


lO.’IS'pj) 

Present 

Loft 

Homonymous 
hemianop- 
sia; choked 
di-sks 

n>ft Babinski; 
ankle clonus; 
absent ab- 
dominals 

Right Occipital 

no 

I933*(.7) 

Prc.ient 

Left 

arm 


KK ami A.I 
Left > right 

Right frontal 

no 

19!0*(G) 

Present 

Right 

Early chnked 
di.-ks 

Bight Babin- 
ski: reOe.xes 
hvpoaetive 

Left tempond 

lOS 

74 


Aiithur's cases. 
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SURGERY 


tmuous pain over Ids light eye. One lioai lafoi he suddenly became blind. Yoniit- 
piojeotile in type, began shoitVy tlieieafter. He ivas taken homo from bcliool 
and nas seen by his physieian, Tivo days latei be ivas seen in consultation at an- 
other hospital in the city; opeiation was advised and lefiisod, as he seemed to he nn- 
proving. Two days befoie cntiy to St. Luka’s Hospital the patient noted somo re- 
turn of light peiceptiou but could not see definite objects. Physical eAaminatioii 
showed; temperature, SP-S"; pulse, 6G; respiration, 24; and Wood pressure, IIti/5S. 
The lemamdei of the physical eiaonnation uas negative. jVeurologic e\.umnation 
leveuled the left pupil iaiger than the right, both reacting to light and accovmaodiv- 
tion. Examination of the fundi revealed bilateral choked disks. Theie M.m sliglit 



motor Meaknc's of the enure lett -ide luihouf di-.tinb.ime ot seii~uli»ii, Huhin-ki 
and Oupcnlieim nere prea-nt „n the Jett. The other i.Wexes iieru not rem.irkuble. 

1 jeiitncidograiu n.is done on O.t. -M, ItW.r, and a h '<i«ri de«ioii.,tr.de.t m tl.e right 
* ■ -Oil lohe (S'r'S. 1 and d). Ou the feJloiviiig- d.i> .i i raniotomj nas <loue, a right 
i liap hem's turned. A rm.dl gnenr-h Jdiie .ire.i iv.i^ f.nimt on the lortex of 
aecipi .1 A .4,„all memion ii.n mule the-, .ireii nith the 

the right ‘ _ y,, uryaiu/ed idi.t about the -i/e of a hwiin iv.ii IIkh iui 

eloetrosurgic-i -.mtion. SUndiiig wnt t ejilri.iiiMi ami tb.- boia- ll.ip 

coiered^ aiW jjjp.,; mth lUngcr’- -.o/ufion .lud the Hound ,fo-. ,t vulhi.ut 
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drainage. Convalescence ^Yas uneventful and lie left the hospital seventeen days after 
entrv. ° There was a residual left homonymous hemianopsia which has gradually, 
though not entirely, cleared. 

C.vsE 2. — C. B., aged 05 year.s, was admitted to St. Luke’s Hospital on Xov. 2-1, 
1935, with a chief complaint of blindness of three months' duration. On the morning 
of Aug. 10, 19.35, the patient awakened and was unable to see. After about two 
weeks his vision slowly returned. Two weeks before entry and two and one-half 
months after the original attack, he had another episode, lesulting in total blind- 
ness. For the two weeks pieceding hospital entry, light perception only was present. 
There was no paralysis, vertigo, vomiting, or feeling of illness. Physical e.xamination 
was negative throughout. The blood pre.-sure wa.s 120/90. Xeurologic examination 



Kiu. C. — Case I (K. K.L Anteroposterior view of patient shown in Fis. 1. 

revealed an altitudinal heiuiauop.sia without papilledema. There was no sensorv 
or motor weakness, lietle.xes were normal throughout, except that there were absent 
abdominal rellexes on the right, .k ventrieulogram was done on Xov. 29, 19:!o 
(Eigs. 3 and 1), at which time a right occipital lobe le.siou was demonstrated. On 
Dee. 3, 1935, a right occipital llaii was turmil ami a large sulicortical idot about 
the si/e of a teimi.s ball .along with some brain eorte.v was removed. The center of 
the clot contained aliout Til e.e. of tluid. The wound w:is closed witliont drainnge. 
1 lie pntient lett the hospital on the eleventh iio-topenitive dny. When last contacted 
on Dee. 15, 19:', 0, this patient wns doing very nicely. He had a slight residual left 
homonymous hemianopsia. 
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SURGERY 


Case 3— M. C., aged 32 years, was admitted to St. Luke’s Hospital on Marcli 23, 
1936, with chief complaint of headache, paralysis of left arm, and paresis of the loft 
leg of two and one-half years’ duration. Two and one half years before entry 
the patient noticed a sensation of numbness in thigh on the left. A few days later 
her left leg became paralj'zed and she began to have jerking movements of the left 
leg and aim. Three months befoie entry- these convulsions became more frequent. 
During this time, she began having headaches of a very seveie nature. She noted 
blurring of vision and vomited on a few occasions. Past histoiy was not remark- 
able. Physical examination showed: temperature, 98.6°; pulse, 100; respiration, 
24) blood pressuie, 118/86. Neurologic examination shoned cranial nenes intact 



d marked motor weakness of the e.vtremities on the left. There was no •ipaslieity. 
n ore was no Babinski retlo.v, an ankle elonus, anil -liglit incre.-iHe of rellcxei on 
1 * 1 ft Visual hehls nere noinml. An encephalogram was done on Afarch 20, 
d -how'ed .xanthochromic lltiid without xi-iiali/ation of the icntrich-i. On 
1936 0“ exploratory craniotomy wai done. A right tcm[ioraI parietal Ihip 
ilarci ■> , ^ ^(t^.,nj)ting !i xentricnlar pom tare, a large cy-t w.ii eacoiiateri d. 

,xas turned a < ' ^ ^ Pehind the motor ar.a and the region of the arm center and 

fhe cortex was - and clot-i were ri-mim-d. X -oi.ill pim- of ti--iae wa« 

ibout four ounccc v.odnation The wound wai .los.d in the uni.il iii.Miint 

■emoved for microscopic c.xam.n.iti 
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witliQut drauisgc. The patieflt had an uneventful postoperative course. Examination 
of the specimen microscopically revealed arteriosclerosis with hemorrhage and 
brain softening. The patient was discharged on April 32, 1936. She was walking 
fairly well with some residual spasticity of left arm and leg. She was last seen by 
us on July 20, 1936. 

Case S., aged 11 years, was admitted to Deaconess Hospital on Oct. 3, 

1938, with the chief complaints of blurring of vision, loss of the lateral field of vision 
on the left, dizziness, nausea, and vomiting. Two days previous to hospital admission 
the patient had had a set ere headache, followed by marked nausea and vomiting, 
blurring of vision, and lo^-s of the lateral field of vision, and these persisted until 
admission to the hospital. There was no history of trauma. Physical examination 
ivas negative throughout. The blood pressure was 110/60. Heurologic examination 
revealed bilateral choked disks, left facial weakness, absent abdominal and cremas- 
teric reflexes on the left, and hyperative refllexes on the whole left side. There was a 
loft Babinski and a suggestue ankle clonus. Examination of the visual fields re- 
vealed a left homonymous hemianopsia. A ventriculogram was done on Oct. 4, 1938. 

! 



A lesion was demonstrated in the right occipital lobe and an occipital flap was turned. 
A large suls-orlical clot was discovered m the occipital lobe. Because the brain had 
the appearance of tumor, a hirge portion of the occipital lobe was resected. A 
decompresMon was done aud the wound was do-ed in the usual manner without drain- 
age. The po^loperutive course was uneventful. Microscopic .-ections of excised por- 
tion ot the occipital lube showed no evulen.e of tumor. The patient was disehar'vd 
irum hospital Oct. 19, Iti.Jb. This patient has returned to his normal activities, m- 
h.is a slight residual left hymonjmous hemianopsia. 



SUKGERY 


! 



5 — Case 5 (J C) Posteroantei loi view Ventnculai system depressed and 

shifted to left 



' IT Cl Lateral \iew RIeht lateral ventricle compressed, anterior 
Fiff 6 — ^^^‘^rtion' Kcdiictlon in capacity of whole ventricle. 
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Case 5. — J. C., aged 50 years, was ailmitted to St. Luke’s Hospital on ilarcli 11, 
19-10, witk a cliief complaint of recurrent headaches of several years’ duration. 
About six years before the present hospital entry, .she was studied at another ho.spi- 
tal because of severe recurrent headaches. She had had migraine attacks since early 
youth, several of these attacks requiring hospitalization. The present attack be- 
gan on the evening of Peb. 28, 19-10, with very severe headache, nausea, vomiting, 
cramps in the legs, and pain in the chest. Physical examination, at that time, re- 
vealed a somewhat lethargic woman of 50 years of age, apparently quite weak and 
complaining of right temporal headache. The blood pressure was 1-10/100. Physical 
examination was otherwise not remarkable. Heurologie examination showed normal 
fundi and slight liyperactivity of knee jerks and ankle jerks on the left. There was 



Mk. i C-a.se G (M. K,). I.c(t lateral view', ElUing defect in left lateral ventricle in 

parietal temporal region. 


no Hahmski, Tiie left arm seemed weaker than the right. The patient was ob- 
served for several days. However, by Match 10, 1040, the date before admission to 
tlie hospital, the patient had become disoriented, inuetivo, and stuporous. The 
left arm was weaker than the right. There was suggestive facial weakness on the 
left, live relieves iii the left arm and leg were more active than on the right. The 
imlse was .V.h the blood pie.-.sute. Io0/90. On Mareli It, 1910, a veiitriculograiii was 
done (lig-. .1 and (i) vvlueli deiiioii'trated a definite le-.iim in tile right frontal area, 
A right fruiiiai Hap was turned. An oiiornious subdural hematoma extending from 
the parietal lobe to the tip ef the frontal lohe was removed with a suction tip. 
llins exposed an area of elot prolrudiiig through the lip of the frontal lobe. When 
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tlio clot was removed, tliero was a gusli of old black blood from the subcortical 
tiiea of the frontal lobe. Because of the fact that the frontal lobe gave the appear- 
ance of tumor, a right frontal lobectomy was done with removal of the frontal lobe 
anterior to the motor cortex. The wound was closed in the usual mauner without 
drainage. The patient left the ho.spital on April 13, 1940, after a somewhat prolonged 
convalescence. This patient is now able to be up and about her home and is gradu- 
ally regaining use of her loft arm. 

C.VSE 0. — if. K., aged 30 years, was admitted to St. Luke’s Hospital on Aug. 6, 
1940, with a chief complaint of paralysis of the right side of four days’ duration. 
Pour days before entry to the hospital, the patient had a gastrointestinal upset, 
consisting of nausea, vomiting, and diarrhea. He slept well that night and arose 
as usual the following morning. About 10 a.JI. the mother found him lying on his 
bed ill a stuporous condition, unable to talk or to move his right side. This condition 


>- 



o Case 6 (M. K.). Posteroanterior view. Entire ventricular system shifted to 

” right. 


continued without eliange until entry to tlie hospital. Piiysieal e.xamination showed : 
blood pressure, lOS/74; temperature, normal; pulse, 54; re.spiration, 20. Neuiologic 
examination showed a right cential facial paialysis; the fundi were negative upon 
' Put within three days had developed a slight hemorrhage about the left 

disk There was some anesthc.sia of the face on the right and complete 
optic m ri.rht liand and foot. The reflexes were decreased on right side and 

paralysis o Babinski. There wa.s a motor and seii.sory aphasia. Visual fields 

there was a ^as thought the patient liad a subcortical clot on the loft 

could not e ^ ventriculogram was done (Pigs. 7 and S), demonstrating 

side. On Aug. f'mporal parietal area. On Aug. 10, 1910, a left temporal 

a lesion in the usual manner. A needle wa.s inserted behind the 

parietal flap "'as turned 
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Eolandie artery and above the Sylvian fissure to a depth of 5 cm., -where a blood 
clot was encountered. The cortex was then split and a large clot exposed and re- 
moved with suction. Bleeding points were coagulated; the -wound was closed without 
drainage. The patient's postoperative course was entirely normal for the first 
twenty-four hours, but he died suddenly on the second postoperative day and post- 
mortem was refused. 

3IETHODS OF TKEAT3IEXT 

A ventriculogram was done in 5 of my cases witli no untoward re- 
sults and witli mvaluable aid as to correct localization of the clot. An 
encephalogram was unsatisfactory in the sixth case. Furthermore, the 
simple procedure of ventriculography introduces little hazard in the pa- 
tient with intracerebral bleeding. Neurologic examination, be it ever 
so complete and suggestive, is not sufficient. 

Tivo operative procedures have been used in the patients reported 
by the various authors. These are: a burr hole, ivith needling of the 
suspected area and evacuation of the old blood or clot; and an osteo- 
plastic flap raised, udth complete exploration of the diseased area dem- 
onstrated by ventrieulogi-am. 

The latter procedure is the one which I endorse and advocate. I do 
so for the following reasons; adequate exposure, complete control of 
bleeding, and removal of all macerated brain tissue. The wound is then 
closed 3vithout drainage. 

coinnexT 

In comparative analysis of the sjTuptoms of my 6 eases, I find con- 
siderable similarity to those which have been abstracted from the 
literature. The predominant features to be remembered are head- 
aches, dimness of vision or other visual symptoms associated -with 
hemiplegia, and papilledema. When this group of findings is present, 
subcortical bleeding with clot formation must be considered in the dif- 
ferential diagnosis. It is interesting to note that, of the 23 cases an- 
alyzed, a diagnosis of brain tumor was made in 12 instances. Hemor- 
rhage with clot formation was diagnosed in 4 and no preoperative diag- 
nosis 3vas given in the remaining 7 eases. 

SUJDtAKY .VXD COXCLUSIOXS 

1. Six cases of spontaneous subcortical bleeding with clot formation 
are reported with operative intervention. 

2. Accurate localization of the lesion by ventriculographv is a neces- 
sity in these patients. 

3. Complete exposure of the diseased area by an osteoplastic flap for 

the removal of clot, macerated tissue, and control of bleedhm is verv 
essential. ° 

4. .Vspiration of the clot tlirough perforator openings is to be dis- 
couraged. 
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5. While it is dil’fieult to make a diagnosis in tliesc patients, the chief 
difficulty seems to be that the diagnosis is not usuall}’^ considered. 
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THE DIAGNOSIS AND TREATMENT OP 
SUBDURAL HEMATOMAS 

Harold C. Voris, 2kLD., Chicago, III. 

(Fiom Mercy Mospilal-Loyola Unhersity Clinics, and the Cool County Uosyital) 

IXTRODUCTIOX 

I NTRACRANIAL hemorrhage clue to trauma is as old as trauma itself. 

A,s .soon as our ancestors began to fall out of trees and to hit each 
other on the head with stones or clubs they undoubtedly began to have 
traumatic intracranial hemorrhages. This paper deals with traumatic 
subdural hemorrhage; that is, the accumulation of blood in the sub- 
dural space ; and it includes a series of thirtj’-five consecutive eases 
opei’ated on by me. 

Subdural hematoma ivas familiar to the pathologist long before the 
surgeon began to treat it. Johannes Wepfer (1657) has been given 
credit for the first authentic description of this condition. D’Enrico 
and German quote him as finding at necropsy a large blood-filled cyst 
beneath the dura of a patient who had died after an “apoplectic stroke." 
Virchow’s paper in 1857 on the subject was accepted as the final word 
for many years and consequently generations of pathologists and mauj’’ 
surgeons as well considered subdural hematomas to be spontaneous in 
origin and designated them as pachymeningitis hemorrhagica interna. 
In 1914 Trotter took Issue with this view and in an article which can 
hardly be improved upon twenty-six years later stated that the con- 
dition was po.st-traumatic and that the source of the hemorrhage was 
rupture of one of the .superior cerebral veins as it traversed the subar- 
achnoid and subdural spaces to enter a dural lacuna. He reported four 
ca.ses with two deaths. Tlie two deaths were in cases with bilateral hema- 
tomas and in both ca.ses the brain failed to e.xpand after evacuation of 
the clots, a complication that is .still exceedingly troublesome to the 
surgeon. However, this single article could not offset the tremendous 
weight of Virchow’s opinion and the subject of subdural hematoma 
was still clo.'-ed until Putnam and Cushing j)ub!ifhed their stud.v in 
]h25. They attempted to iliffercniiafe between the reactive or traumatic 
and the s])ontaneous hematomas, but they were forced to admit that 
the histologic differences seen in the membrane.s of the two types were 
only slight. In this paper only the traumatic subdural hematomas are 
considered as they are the ones that primarily interest the .surgeon. The 
spontaneous ones are usually iis>.ociate<l witii systemic di.sea.se. blood 
dy-crasias. or carcinomatosis or sarcomat<eis of the dura (Russeil and 
^hiriis ) and stidom ciniie to the attention of the surgeon. It is oulv 


U»o*.lM.U for jiubHcalion, Oct 37, lOH). 
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necessary to add that the origin of traumatic subdural bleeding may be 
not only from rupture of superior cerebral veins (Trotter), but also 
from inferior cerebral veins which enter the sphenoparietal sinus, veins 
which enter the lateral sinus from the posterior or inferior surface of 
the temporal lobe, and at times, even fx’om anomalous cerebral veins that 
may enter the dura from the convexity of the hemisphere. 


GLASSIFICATION 


The classification of subdural accumulations of blood or fluid has 
been troublesome and there is little agreement. These accumulations 
range from fresh fluid or soft blood clots to encapsulated collections of 
bile-colored fluid and even to accumulations (nonencapsulated) of 
xanthochromic fluid in the subdural space (subdural hydroma). Cases 
of the latter are not included in this report. 

Leary classified subdural hematomas under five heads: (1) fresh fluid 
or soft clots, (2) firm clots, (3) chocolate-colored fluid with a neomem- 
brane on the din-al side, (4) chocolate-colored fluid enclosed in a double 
membrane, and (5) a fused double subdural neomembrane with absorp- 
tion of the previously enclosed clot. These various stages do occur, but, 
for practical surgical purposes, the classification into acute and chronic 
types sufSces. Some surgeons have questioned the rationale of dividing 
the traumatic subdural hematomas into acute and chronic groups since it 
is now generally recognized that they are all varying stages of the same 
lesion. I believe that there is ample clinical justification for this. The 
acute subdural clots are usually associated with brain injury, are rela- 
tively large to begin with, follow severe head trauma, and have a cor- 
respondingly high mortality. From a diagnostic standpoint they are to 
be differentiated from eases of localized brain injuiy and extradural 
hematoma. The chronic subdural hematomas usually are not associated 
with severe brain injury, or the patient has recovered from his brain 
injury ; the clots are primarily small ; they often follow slight trauma ; 
and, if the condition is recognized before increased intracranial pressure 
has placed the patient in too precarious a state, the mortality is low. 
They have to be differentiated from slowL-- expanding lesions; e.g., tumor 


or abscess. 

Chronic subdural hematoma has received by far the most attention in 
the literature. Out of fifty-five articles reviewed in the course of prepara- 
tion of this paper, only six mention acute subdural hematoma. In the 
zmurosuro-ieal clinics the gi’eatest experience has been witli clironic 
bdurafhematoma. Only in large emergency services lias there been 

much experience with the acute types. 

r, + nitprest has been attached to the formation of the chronic .sub- 
T. be emphasized that these dots, even when 

dural hematoma. lamellation or otiier evidence of repeated 

solid or semiso K , ^ o,jjy rare ca.ses doc.s repeated hemor- 


hemorrhages. It is pr 
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rhage occur from either the original torn vessel or from the vessels of 
the capsule or neomembrane. The early clots are never encapsulated, 
which speaks against a possible intradural origin, as does the fact that, 
in successive stages of the formation of a neomembrane, it is always 
formed first on the dural side and that in old eases only does the neo- 
membrane on the arachnoid side equal in development that on the dural 
side. 

There is considerable variation in individual cases in the rapidity 
with which a neomembrane is formed. On the one extreme I have seen 
fairly weU developed neomembranes within seven days after the injury 
that presumabl}'- caused the original hemorrhage ; on the other extreme 
I have seen little evidence of neomembranes and semisolid clots as long 
as six weeks after the injuiy. In both eases the history appeared de- 
pendable. 

Gardner, Zollinger and Gross, and Munro have developed the modern 
theory of the development of the large chronic subdural hematoma from 
a relatively small initial clot in the subdural space by the absorption of 
cerebrospinal fluid into the clot by osmosis. At first there is an equaliza- 
tion of osmotic pressure with the whole blood of the clot. As hemolysis 
of the whole blood takes place, the process is tremendously accelerated 
by the resultant great increase in osmotic pressure following the break- 
down of large protein molecules. 

DLVGNOSIS 

The two sexes seem equally disposed to the development of these clots, 
although the greater frequency of head injury in the male makes them 
more frequent in that sex. In my series there were 26 in males and 9 in 
females. They were distributed between the ages of 20 and 70 years, 
although most of the eases occurred in the fifth decade. Age is an im- 
portant factor in survival ; there were only 3 survivals in the 10 eases 
occuring in the sixth and seventh decades of life (Table I). 

The recognition of the acute subdural hematoma to a considerable 
extent parallels that of the extradural hematoma. Preoperatively it is 
often difficult, if not impossible, to differentiate the two, although 
typically the extradural clot gives an earlier onset of symptoms because 
it is usually due to arterial bleeding. The recognition of both depends 
essentially on the progression of symptoms. Of all the symptoms that 
may be produced by a developing hematoma, alteration of the state of 
consciousness is the most significant. Often restlessness and delirium 
in pj-eviously quiet and rational patients ai-e the first signs of a develop- 
ing hematoma. When initial injurj- to the brain has been slight there 
will be the classic “lucid interval” between the injury and the 
time the clot develops sufficiently to cause stupor or coma. In most 
cases of acute subdural hematoma there is severe initial injury to the 
brain and consciousness is never i-egaiued. Only the deepening of 
stupor or coma indicates the development of the hematoma. 
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Dilation of the iiomoiateral pupil is one of the most dependable 
localizing signs of a heinatonui in my experience, and, in addition, is a 
valuable sign of a de^^eloping clot when it appeai-s after the patient has 
come under observation. If present at the time of admission to the 
hospital, it usually means localized brain injury. Thirteen patients in 
the series had a uuilaterai dilation of the pupil and in 12 dilation was 
homolateral to the clot. Of these 13 cases, nine ■were ehronie and four 
were acute hematoma.?. The 1 ease in which the dilation of tlie pupil 
was contralateral to the clot 'svas iu an acute hematoma. The exploration 
was unilateral and there maj^ have been bi’ain injury or another hema- 
toma on tlie side of the dilated pupil. The patient lived two weeks. 
Death was thought to be due to pulmonary complications. Uufortu- 
natel.v neerops,y was not performed. 

Convulsions, if Jacksonian, are of great localizing value and usually 
indicate a liematoma, either extra- or subdural, although they may 
result from localized cerebral contusion or edema. They were present iu 
4 cases. Wealaiess or paralysis of the extremities with ahnoimial or 
pathologic reflexes is imually contralatei’al to the lesion; occasionally 
■\vith a lai'ge hematoma, the contralateral crus cerebri is pressed against 
the free edge of the incisura tentorii and liemiparesis and pyramidal 
tract signs are produced homolateral to the clot. The presence of 
liemiparesis or signs of unilateral involvement of the pyramidal tracts, 
especially if progressive, is stimng presuniptii’e evidence of a hematoma, 
but it, too, ma 3 ' may be produced b 3 '' localized brain injur 3 '. This find- 
ing was present in 19 of tlie 35 eases; it was contralateral to tlie clot 
in 13, honiolateral in 6. The combination of homolateral dilation of 
the pupil and homolateral liemiparesis ivas seen in 2 patients ; 1 had an 
acute hematoma, the other, a chronic. Localizing neurologic signs of 
some t 3 'pe -were present in 24 of the 35 patients. 

A slow pulse rate indicates the compensatory action of the cardio- 
vascular center in response to increased intracranial pressure. Typieall.v, 
tlie blood pressure ivill rise with the fall in pulse rate and an abnormalfv 


high pulse pressure ivill be present, it is helpful to record graphically 
the systolic and diastolic pre.ssures and the pulse rate on the same chart. 
When compensation begins to fail, the pulse rate will rise and the .sys- 


tolic pressure will fall. When tliese two lines cross, the eoiidition of the 
patient is usually precarious and the pei-ipheral circulation is ijindc- 
luate The systolic pressure always falls wore rnpidly than the diastolic 
and the pulse pressure consequently rapidly becomc-s proyre.ssively lower. 
\ hi"h body temperature i.s another dependable .sign of dangerously 
] >li intracranial pressure, as j.s an irreffiilur respirutovy rate, altliougb 
p - ]• tter is so variable that it is difficult to make definite statements 


.„,v or all of the plieiiomcna di.sen.vscd in the fore 

“ '"t 1 ,„u! I.e 
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tioiis, contusions, or even edema) and eousecjuently are not diagnostic of 
a hematoma. However, it is rare to meet with an acute hematoma, epi- 
dural or subdural, tliat does not give one or more of these symptoms. 

Symptoms of a chronic subdural hematoma do not appear for daj’'s or 
weeks, some times even months, after the original injiu'y which may be 
forgotten either because of its apparent insigpiificauce or because the pa- 
tient has Eo eomxjletely recovered from its effects. The clinical picture is 
usually progressive. Mental disturbances often predominate and many 
of these patients are considered to be suffering from a psychosis. Head- 
ache and vomiting are often present and objective evidence of increased 
intracranial pressure in the shape of papilledema is often present. Eec- 
ord of a fundus examination was made in all but 2 cases of the series. 
Papilledema was present in 14 patients. All had chronic hematomas. 

The spinal fluid was examined in 26 patients. Hive of these had acute 
subdural hematomas ; in all of them the fluid was blood tinged. In the 
21 patients with chronic hematomas in which the fluid was examined, it 
was xanthochromic in 16. No examination of the spinal fluid was made 
in 4 patients with acute and 5 with chronic hematomas. 

Air studies were made in only 1 patient in the series. This man had 
a choked disk, gave no history of injury, and had no localizing signs. 
Ventriculography revealed evidence of a space-occupying lesion in the 
right frontal lobe. Craniotomy exposed a small chronic subdural hema- 
toma over the right frontal lobe. The openings in the parieto-occipital 
regions for ventriculography had failed to reveal the small hematoma. 
The patient later recalled several minor head traumas in the preceding 
six months. 

TRE.lT.nEXT 


The methods em])loyed by surgeons in dealing with these cases have 
ranged from large osteoplastic flaps to simple drainage through burr 
holes as originally and indepeudeutly advised by Fleming and Jones and 
McKenzie iu 1932. In only two cases in the present series has an osteo- 
plastic flap been reflected. One has already been referred to; tlie case 
in which ventriculography was performed. In the other, because of the 
failure of the patient to rally after drainage of a large, well-encapsulated 
clot, an osteoplastic flap was reflected nine days later and the entire 
cap.sule meticulously removed. In spite of this, death occurred two days 
after thi.s proeedure. I feel this failure was due not to retention of the 
iiieiiibrane.s of the clot after .simple burr-hole drainage, but rather to 
failure of the brain to expand to occupy the space previously occupied 
by the clot. This point will be di.seus.sed further a little later.* 

Onr (iraetiee when a subdural hematoma is suspected is to make a 
small (4 ein.l vertical scalp incision iu the midparietal region above the 
ear. and after retraction of the .scalp with a .small self-retaining retrac- 
tor. to make a hurr hole just above the insertion of the temporar muscle. 

I Ills can he done under local anesthesia in the great majority of rases. 
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If the patient is too i-estless or nncooperative foi’ this, avertin may be 
used as a preliminaiy basal anesthetic. 

If a subdural clot is present, this burr hole will reveal it in the great 
majority of cases. Since these clots are in the subdural space, of neees- 
sit 3 ’' they assume a pancakelike shape, spreading’ out over the surface of 
the hemisphere but being’ tliiekest at their point of origin. As we have 
jjointed out, there are usually four possibilities for this origin. If the 
original bleeding has been fi'om a superior cerebral vein, the clot’s great- 
est mass will be toward tlie midline; if from an inferior cerebral vein 
entering the sphenopaz’ietal sinus, the clot will be largely anterior and 
ijzferior. Clots arising from hemorrhage from veins passing from the 
posterior part of the tempoz’al or occipital lobes to the lateral sinus will 
be predominantly posterior and inferior in location. Finallj'', those aris- 
ing from tears in anomalous veins between the convexity of the hemi- 
sphere and the dura will have their greatest thickness over the convexity 
of the hemisphere. 

If the case is an earlj'- one and an extradural hematoma is by chance 
present, this burr hole will likewise disclose it. The appearance of the 
dui’a eazi be depended on to rex'eal whether there is a subdural hema- 
toma, as even fresh blood beneath the dura eazi be recognized by the ab- 
jiormal darkening which it produces. It is my custom to enlarge the 
burr hole with rongeurs to a diameter of approximately 3 cm. before 
opening the dura if it is discolored. This opening is not in any sense a 
decompression, but does give room for such manipulations as are usually 
necessary. 

After the dura is opened, the clot can be readily evacuated in the 
great majority of eases. If the clot is solid or semisolid, simple alternate 
irrigation with saline solution and suction through a catheter passed 
beneath the dura will sem’e to break it up. Irrigation with saline solu- 
tion must be done cautiousJ^^ or not at ail in acute eases because of the 
swelling of the brain which it induces and which is often already' present. 

In chronic cases there is often difficulty in getting tJie brain to e.xpand 
and here repeated irrigations may be of value. 

Occasionally, the primary burr hole may be near the edge of the clot,' 
hi such eases it is a simple matter to place another one over the center 
of the now localized clot. If the original burr hole does not reveal the 
clot and there is sufficient evidence, additional burr holes may be placed 
anteriorly and postei’iorly. In all ca.ses wiiere a dot is not reveided on 
the suspected side, an exploration must be made on the oppo.site .side. 
Failure to do this resulted in overlooking the dot in one patient in the 
^ ‘ -onsv two days later revealed the dot on the oppo.site .side, 

senes. already been called to the frtapicney of false loeaJizing 

Attention la. * xorias Jiomolateral Iieiuiparesi.s or pyriunidnl 

signs in these case . casc.s that .showed 

tract signs were present m I 



VOHIS: SUBDX3R.U. HES1ATOSI.VS 


453 


such symptoms. Extracerebral space-oceupying lesions avouIcI seem more 
likely to press the contralateral crus cerebri against the free edge of tbe 
tentorium. 

Even 'when a elot is disclosed on the side first explored, it is wise in 
most eases to put a burr hole on the opposite side. Pour patients in the 
present series had bilateral clots. In three cases both clots were dis- 
covered and evacuated at the original operation ; all three patients re- 
covered. In the fourth case the two explorations were a week apart. The 
second was undertaken because of the lack of satisfactorj’^ improvement 
after removal of the first elot. Death occurred from meningitis four- 
days after the second operation. 

In older individuals and especially in cases that come to the surgeon 
late, one occasionally finds that the cerebral hemisphere does not expand 
to fill the space formerly occupied by the clot. Trotter noted this in the 
two fatalities that he reported. Both Grant and Coleman in 1935 called 
attention to the grave prognostic value of this obseiwation. Cohen re- 
ported a remarkable case of this type with final recovery after repeated 
aspirations of the subdural space. In my experience these eases all 
teminated fatally, in spite of drainage of the subdural space and post- 
operative intravenous administration of isotonic fluids in an attempt to 
swell the brain. Finally, at the s\iggestion of Dr. Jerry Kearns, I initi- 
ated a special technique for dealing with them. Now when at the operat- 
ing table a brain fails to expand to occupy the space previorrsly occupied 
by the elot after the clot has been thoroughly evacuated, the subdural 
space is filled with distilled water. A small tube drain is placed beneath 
the dura and the wound then closed in layers tightly about the tube. A 
clamp is placed on the tube, the head dressed, and the patient retui-ned 
to bed. He is given 1,000 e.c. of distilled water intravenously followed 
by 1,000 c.e. of normal saline solution. The clamp is removed from the 
tube four to six hours later. This method was used in five such cases in 
the present series ufith four recoveries. In the patient that failed to re- 
cover, the technique was modified by the omission of the intravenous 
administration of distilled water; only noimial saline solution was given 
intravenously. This patient followed the usual course of such cases in 
my past experience ; he failed to rally, remained in coma, and died forty- 
eight hours later. 

The danger of liemoly.sis following the intravenous administration 
of distilled water is obvious; in the four cases in which it was used, 
mild hemoulohinuria was noted for a day or two following the injection. 
However, no ill effeels were noted eliuieully in any of the four cases. 
Its use IS justified hy the eoinparison of the previous poor result con- 
stantly eueountere.l in this type of ease with the sucee.ss that this 
techniiiue has met with. 
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In the ease of eitlier subdural clot or negative exploration, I like to 
place a drain of rubber tissue beneath the dura for tweiit3'-four hours. 
It should not be left in place anj’- longer but removed at the initial dress- 
ing the next day. This drain will take care of the slight oozing that may 
otlierw’ise take place after the wound has been closed. More important 
is the provision for continuous supratentorial drainage of cerebrospinal 
fluid for the first twenty-four liours. This in itself maj'' be of great help 
to the patient and has none of the dangers of lumbar drainage. The I'isk 
of infection is minimal and to ni.v mind is offset bj’' tlie advantages of 
drainage. These wounds are alwa3"s closed in layers with interrupted 
silk sutures in the temporal muscles, fascia, galea, and skin. 

SUMMARY OP CASES 

The series of subdural hematomas reported here consists of 35 con- 
secutive eases operated upon Avith a mortalit 3 '^ of 43 per cent for the 
entire group. The mortality Avas 24 per cent for cases operated upon 
more than three da 3 '^s after the injuiy. Clots Avere removed in 34 cases. 
In 1 ease, alread 3 ’’ referred to, the clot Avas not found on the side indi- 
cated by the neurologic findings and unfortunatel3’^ the other side Avas 
not explored. 

Nine of the 15 deaths AA'ere in cases operated upon Avithin three days 
after the injur 3 ^ Neerops 3 ’’ Avas performed b 3 ’- the coroner’s ph 3 "sician in 
5 of these cases ; cerebral contusion or laceration Avas present in all. One 
of these cases has already been referred to; the patient Avith bilateral 
subdural clots aa'Iio had tAvo explorations a Aveek apart and Avho suc- 
CAiinbed to meningitis after the second exploration. Necropsy Avas per- 
formed in 5 of the 6 deaths occurring in cases operated upon more than 
three da 3 "S after the injiuy. One of the patients, as alread 3 '' stated, had 
an unrecognized clot on the side opposite to that explored. The other 4 
had pulmonaiw patholog3' of bronchopneumonia or lung abscess Avhich 
Avas thought to be the immediate cause of death. 

The cases are classified according to time elapsed betAveen the injury 
and the date of operation in Table II. Here, of course, history at times 
inaA' be Ainreliable. In Table III the hematomas are classified according 
to apparent age as judged by the appearance of the clot, the presence 
or absence of as.sociated cerebral injury as disclosed at operation or 
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necropsy, and the size of the clot. In this table “acute type of clot” 
refers to solid, liquid, or semisolid fresh clots with no e^ddence of forma- 
tion of neomembi’aues, even on the dural side. 

It is evident from these tables that the mortality is very high in the 
acute or early subdural hematoma ; that is, in nnencapsulated clots oper- 
ated upon -within three da3's of the injury. These clots are often associ- 
ated with cerebral injury, which is, I feel, the most important factor irr 


T.vble II 


TI>tE BETWEEJJ INJURY 

AND OPERATION 

LIVIXG 

DEAD 

TOTAL 

1 to 3 days 

1 

0 

10 

4 to 14 days 

S 

0 

10 

Over 14 days 

11 

4 

13 

Total 

20 

15 

35 


the high mortality. Size of the clot is not so important, as the greatest 
mortality occurred in moderatel}' sized clots. This group incirrded most 
of the acute clots. As a result of my experience I have ceased operating 
upon the acute or early subdural hematoma except in those eases which 
are aecidentallj' disclosed in the course of an exploration for an 
epidural hematoma. 

TiVBLE III 



LIVING 

DE.U) 

TOTAE 


Acute type of clot 

1 

8 

9 


Chronic type of clot 

19 

7 

2(3 


Associated cerebral injury present 

2 

e 

8 


Associated cerebral injury absent 

IS 

9 

27 


Clot up to 1 cm. in thickness 

s 

2 

10 


Clot 1 to 2 cm. in thickness 

7 

9 

10 


Clot over 2 cm. in thickness 

5 

4 

9 



COXCLUSIOXS 

In conclusion I would emphasize that acute, subacute, and chronic 
subdural hematomas are all progre.ssive .stages of the same lesion. Never- 
theless, clinieal differentiation can and should be made between the 
acute, or early, and chronic, or late, subdural hematoma. This dift'er- 
oiiiatiou is based on the early large .size of the acute clots, their associa- 
tion with more or less extensive cerebral injury, ami the high operative 
mortality. 

the moitalitj is high in acute or earl}' clots, in cases of associated 
cerebral injury, and in old people. Chronic or late subdural hematomas 
111 young or middic-agcd people witliout as.sociated systemic disease have 
a good prognosis if operated upon before the effects of increased intra- 
cranial pressure have rendered the patient moribund. 



456 


Surgery 


Diainag’e throug’li burr boles is satisfactory in tbe. gi’eat majority of 
cases and subtemporal decompression or an osteoplastic flap is rarely 
necessary. In no case of death in this series was recurrence of the clot 
found at necropsy. 

Bilateral exploration should always be done, especially if no clot is 
found on the side first explored. As already indicated, two deaths in 
this series are due to failure to observe this. 

If, at the operating table, the brain does not expand to fill the space 
previously occupied by the clot that has been evacuated, special measures 
to induce expansion of the brain must be instituted. My particular pro- 
cedure has been described. 
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EECONSTRUCTI\nB OTOPLASTY 

Paul W. Gkeeley, A.B., il.D., Chicago, III, 

(From the Department of Surgery, Division of Plastic and Reconstructive Surgery, 
University of Illinois College of Medicine, the Illinois Research and 
Educational Ilospitals, and St. Luke’s Hospital) 


C OilPLETE or partial reconstruction of the external ear has long 
been one of the major problems in plastic surgeiy. The chief 
stumbling block in rebuilding a new ear lies with the problem of furnish- 
ing an adequate support to the overlying skin. The numerous curves 
and levels of the normal car cartilage make replacement of this tissue 
an important undertaking. 

Prior to the following procedure the best attempt toward supplying 
a supporting framework consisted in the utilization of costal cartilage 
or a bone graft from the iliac crest that was shaped to represent the 
missing ear cartilage. Obviously neither source gave adequate material 
from which one could carve a structure that would closely represent 
the normal auricle, regardless of how adept the operator was as a sculp- 
tor. The most one could accomplish was to give the patient a poorly 
shaped rim or helix. The net result of such operative procedures was 
always disappointing, both to the operator and patient. Pierce,^ 
Padgett,- and Kirkliam’ liave revived the utilization of carved costal 
cartilage and, while their results are superior to those of their predeces- 
sors, several finer points are still lacking. 

The use of any foreign material, whether it be metal, ivory, celluloid, 
or the like, is only to be mcnfioned because of the failures that result. 
Such material is not tolerated and like all foreign bodies is sooner or 


later extruded. 

Before discnssing plastie reeonstruction it should be recalled that 
there appear to be only two tissues that can be successfully transplanted 
from one individual to another, namely cornea and cartilage. The suc- 
cess of transplant of the.se two tissues apparently is dependent upon the 
fact that neither has a blood supply and that they are kept alive Iiy 
ahsoi-bing nutriment from adjacent .soft tissues. 

With the above in mind, we have been following the method re- 
eenlly devised by Gillies,-' wiicre an ear cartilage taken from another 
individual is used. The donor ha.s always been and should always be 
a woman, who can cover the donor oar with her liair. 


Since external oar defects eoimnoiily occur in children, the patient s 
mother is usually chosen us the cartilage donor. There is no special 
rea.sou for choosing the mother except that .she i.s invariablv williim to 
do thus for her ehiicl and thu.s the availability of an car cartifage becomes 
more snuphliea. 


lUcoUtti fur pubUtMliun, Oct It, 



458 


SUKGERY 


After preliminary surgical preparation, an impression of the donor’s 
ear is first cast with warm, sterile dental modeling compound (Pig. 1). 
VVlien Jiard it is removed and temporarily laid to one side. 

To remove the cartilage, an incision is made along the posterior rim 
of the helix, exposing either all of the cartilage or whatever part is 
needed. The skin is then dissected from the anterior and posterior as- 
pects of the cartilage, during which time careful attention is paid not to 
fracture the cartilage or perforate the skin during the process. After 
being completely freed, it can now be removed easily. The incision in 
the donor’s ear is then sutured. The previously prepared mold (Pig 1) 
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Fi^ 1 Mold cast of donor ear 
prior to removal o'f cartilage 
Fi^ 3 Ear cartiladc trans- 

ferred to prepared subcutaneous 
pocket in temporal mastoid region 

Fi^ 4 Cartilage ha? been elevated 
away from temporal mastoid area 
Stent graft being inserted to' cover 
postemor cartilage defect and 
temporal area i 
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is again placed upon the anterioT aspect of the ear and secured by 
bandaging under moderate pressure. This procedure insures accurate 
coaptation of the two skin flaps. Althoxigh one may expect to have the 
coxnpletely unsupported ear tend to droop or shrivel, it is surprising 
how rigid they sometimes become due to the formation of a firm scar 
between the anterior and posterior skin coverings (Fig. 2). However, 
sliould any deformity occur, the donor can easily disguise this with her 
hair. The sacrifice is not, however, nearly as mutilating as one might 
suspect. 



Pi’. 'J. — Donor ear sliowing healed state after removal ot cartilase. 

A curved incision corresponding to the normal anatomical location 
of the helix is now made through the hairless skin overlying the temporal 
and mastoid areas of the recipient. The skin is mobilized by freely nn- 
ilerniining in all directions. .:Vftor completing hemostasis the ear car- 
tilage is then passed through this incision and placed in a normal 
anatomical position, following which the skin wound is closed (Fig. 3). 
Pressure is then made over the newly plaeed cartilage with a moist 
slerile nutrine sponge, held in place by bandaging. Small bits of the 
sponge may bo cut out to fill in accurately all the underlying depressions 
to insure adefuuite adherence to each of the various ri(lge.s and con- 
cavities. 

In three to ten weeks it will be noted that the mastoid .skin Is firmly 
adherent to the anterior a.spcct of the newly transplanted cartilage. At 
this time the original incision may be reoj)ened around the rim of the 
cartilage, leaving a broad lu'diclc attacheil anteriorly. The entire mass 
is then lilted forward until it .stands as a normal ear. matching its fellow 
on tlic opposite side. Tliere now exists what ai>pears to be a normal 
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eai from in front, but with a skin defect overlying the mastoid process 
and on the posterior aspect of the cartilage. This area is now covered 
by a Stent graft. 

A piece of sterile warm pliable dental modeling compound is next 
pressed into shape to fit the defect behind the ear and mastoid process. 
After this has been permitted to harden, it is remoi'ed and covered witli 
one single thick split-skin graft; that is, one large enough to cover 
both the mastoid and posterior cartilage defects. This gvuft is then 
spread over the mold with the raw surface outward, following whicli it 



Fig. 5. Eie G 

Fiirs 5 and 6. — Results of illustrated case Existing jniniaiy skin tab has been lotated 
^ * (lownwaid to become new lobule 


is reinserted into the defect behind the car (Fi';. 4) and is .secured in 
place by a pressure bandage. Approximately one week later the Iiaiidage 
is reopened, tlie Stent mold removed, and the excess graft trimmed 
away An ear of normal appearance is now observed, the triinsplanted 
■tila"e being lined on the anterior a.spect by the former mastoid .skin 
and on” the posterior side and mastoid process hy newly grafted skin 


^^or reeonstructing partial lo.s.sc.s, obvious modifications of flic steps 

.lescribed maj be ' ^ fu-ijiicntly a small tali of skin tliat cnn 

In congeni a I)..fonie the new ear lobiilc. ft this is absent, a 

je swung downwart Millicient .skin for 

anall tube pedicle Hap lais 


this puipose. 
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The question has been raised as to what is the better time in which 
to reconstruct these congenital defects. As with other congenital dis- 
orders the results on the whole are usually best when done at the earliest 
age that the child will stand operation and cooperate. While the surgical 
problem is easier during the teens, from the psj'chological standpoint 
it is wiser to have this defect repaired before the child becomes too con- 
scious of his abnormality; that is, before school age. We are not certain 
to date whether this ear will grow at the same rate as the normal ear, but 
it apparentl}' remains at approximatelj' the same size so that, even 
though the ear may be slightly larger at first, it will eventually match 
the one on the other side. 

The average layman (and doctor) always asks about the question of 
reconstruction of the external auditory canal when this is absent due 
to congenital anomaly. We very definitely feel that this should not be 
attempted unless coincidental deafness exists. This operation is diffi- 
cult to perform and is apt to be unsuccessful even though the canal 
has been re-established, because of the problem of maintaining its 
patency. Prom the practical standpoint these eliildreu seem to hear as 
well from use of their normal ear, thus mailing this surgeiy unnecessary. 
In other words, we are dealing cliiefly with a cosmetic problem; the 
functional aspect is ordinarily hut of secondary importance. 

In conclusion, the follo^ving thought should be remembered. 'Many 
physicians see individuals who have just lost all or part of an ear in an 
accident. If the lost portion is completely detached, suturing it in 
place holds very little promise of success even if done immediately after 
the accident. On the other hand, this portion should never be discarded, 
but the cartilage should be saved for future reconstruction. If it is not 
feasible to bury it under the mastoid skin at once, it may be sutured into 
a subcutaneous pocket in the abdominal wall until one is prepared to 
place it in its permanent location. 

SUilXIARY 

An operative procedure as recently develojied by Gillies for the per- 
manent replacement of the external ear has been described and found 
to be uniformly superior to previous methods. The ojicration utilizes 
an ear cartila<ie taken from another individual as the basis of the re- 
construction. Such an architectural form gives far better cosmetic re- 
sults than former operative procedures. 
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CHRONIC UNDERMINING BURROWING ULCER 

Report op Case TRa\TED by Local Applications of SuLPANiLiUiiDE 

Edward L. Besser, M.D., and John W. Dulin, M.D., Iowa City, Ia. 

/^HRONIC progressive ulcers present a definite clinical entit}' and 
respond poorlj^ to the usual therapeutic procedures. Melehey^’ * has 
described two types, one a “sj'’inbiotie progressive gangrenous ulcer,” 
with gangrene of the skin margin but without undermining or deep pene- 
tration. This type is caused by the symbiotic action of a mieroaerophilic 
nonhemolytic streptococcus and a Staphylococcus aureus. These ulcers 
usually follow drainage of an intra-abdominal abscess or thoracotomy. 
The involved skin presents three characteristic zones : the outer, a bright 
red ; the middle, a dusky purple ; and an inner, gangrenous. The second 
type Meleney refers to as “chronic undermining nongangrenous burrow- 
ing ulcer. ’ ’ Here the infection burrows into the deep tissues, but there 
is no gangrene of the skin. The ulcers originate around chronic sinuses, 
produce liquefaction of the subcutaneous fat and connective tissues, and 
result in undermining of the skin margins. Reeentlj^ Melenej^^ stated: 
“Chronic undermining ulcer is not a symbiotic infection but caused 
simply and solely by the mieroaerophilic hemolytic streptococcus.” 

Other authors refer to chronic progressive ulcers under the general 
term of “phagedenic ulcers.”*’® Most investigators have confirmed 
Meleney’s work concerning the pz'esenee of anaerobic streptoeoeei.®’ ' 
As one reviews the eases reported, the majority of them fall into one of 
these two clinical entities. Meleney has recently classified chronic under- 
mining burrowing ulcers into three types : the postoperative, the lymph 
glandular, and the secondarily contaminated. On the basis of this 
classification the following ease belongs to the lymph glandular type. 


CASE report 


F. J., a 32-year-old white male, was first admitted to the Univensity Hospitals on 
March 13, 1939. One year prior to admission ho developed an infection on tlio 
dorsum of his right hand, followed by an axillary suppurative adenitis wliich was 
drained on seven occasions and resulted in multiple draining sinuses. On routine 
physical examination the systems were found to bo essentially normal. Thoro was 
marked induration of the axilla extending halfway between the anterior axillary- 
fold and the sternum and down on the chest wall as far as the fourth rib. Serologic 
tests for syphilis and agglutination studies for undulant fever, typhoid, and tnla- 
■ were all negative. Culture.^ from the simi.-cs grew the mieroaerophilic beta- 
[ olvtic streptococcus and some diphtheroid.s. Repeated bacteriologic and patho- 
ixaminations were made for fungi and tuberculo.sis, but none nere found. A 
lope - sinus tracts was performed on the first .-idmi.ssion. The wound 

K-ide e.xcision o dressings .saturated w-ith Dakin’s solution and normal 

19.39, a granulating .Hurf.-iri- H cm. 


wide e.xcision 

was treated with altcrnatin;, ^ 

saline .solution. At the tin.c of dn-charge. M..y 


Keceived for 


publication. Nov. j. 1910- 


102 



bESSEB .VXD DULIX: CHROXIC BURKOWIXG ULCER 


46g 


in diameter was present. The edges were epitlielializing and it was thouglit tliat 
the wound would heal. 

The patient was readmitted to the hospital on June 26, 1939. During lus stay at 
home daily dry dressings ivere applied. The ulcer had increased in size, measuring 
13 cm. in diameter. Its base was covered with dirty gray granulation tissue and 
the edges had become undermined. An aerobic beta-hemolytic streptococcus and a 
Staphylococcus aureus were isolated, JIo anaerobic cultures were made. Three days 
after entering the hospital the undermined skin edges w’ere excised. During the 
following eleven weeks numerous methods were used in an attempt to obtain a clean 
granulating surface. Dakin’s solution, potassium permanganate, zephrin, and azo- 
chloramide were all tried. Sulfanilamide was given orally for eight days in doses 
which maintained a blood sulfanilamide level of 6 to 10 mg. per cent. Some im- 
provement w'as obtained and grafting was subsequently attempted on two occasions 
without success. He left the hospital Sept. 14, 1939, because of a death, in his 
family, without any appreciable change in the wound. 

His third admission was on Jan. 29, 1910. The ulcer had further increased in 
size, measuring 26 cm. in diameter. Undermining of the edges was marked. No 
strictly anaerobic organisms were found, but an aerobic beta-hemolytic streptococcus 
was found and we now believe that more diligent studies would have revealed that 
this organism was the microaetophilic beta-hemolytic streptococcus which was iso- 
lated on the first admission. A Staphylococcus aureus was also isolated. Tlie patient 
had developed a secondary anemia and for this he was transfused and given general 
supportive treatment. Zinc peroxide* applied locally for one week was followed by 
beginning epithelialization at the wound edges, but there remained a large amount 
of purulent exudate. Skin grafting was again unsuccessful except for two small 
grafts which remained viable. Realizing that a beta-hemolytic streptococcus was 
the predominant organism, and hoping for some treatment that would improve the 
condition of the wound more rapidly, local applications of sulfanilamide were insti- 
tuted. The wound was covered with powdered sulfanilamide, and a gauze dressing, 
moistened witli distilled water, was applied. Crusts of dried exudate were removed 
daily and sulfanilamide applied. After three days the granulations were bright red 
and the exuilute had decreased about 90 per cent. Epitiielium started to grow in 
from the wound edges and the two grafts which had survived rapidly increased in 
size. Grafting was repeated using small Tluerscli grafts. These were left diy for 
six hours and then a moist dressing of sulfanilamide solution was applied. The solu- 
tion was fre.-hiy prepared by dissolving 10 Gm. of powdered sulfanilamide in 1 liter 
of near-boiling water. Eleven days after the final skin grafting the wound was 
completely cpithcliali/ed. .V recent follow-up revealed that the patient hag remained 
well. 


Wheu tlie.se progres-sive ulcers were first recognized, wide excision 
was advocated. This is often satisfactory' in the cases classified as 
“.symbiotic progre,ssive gangrenous ulcer.” Ilowever, in the group of 
“chronic undermining burrowing non-gangrenous ulcer,” excision alone 
is not adequate. IlolmtuU treated a small series with maggots. In- 
numerable antiseptic preparations have been tried without success. 
Meleney and Harvey^ have stressed the fact that all preparations of zinc 
peroxide are not active and have shown that certain technical features of 
tile application must be strictly followed. Other authors''- ' have coii- 
tirmed tlie value of zinc pero.xicle. 


•McTck’g zinc pcroxitle w.cs tcaUU for Ui*.* and fouml to be "active." The lest w tn 
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SURGERY 


Sulfazlilamide has been given orally in many types of wounds. Good- 
man reported improvement in chronic ulcers on extremities culturing 
aerobic streptococci. Meleney and Harvey^ used sulfauilainide alone 
and in conjunction with zinc peroxide. They concluded: “It is possible 
for sulfanilamide [oral] to resnlt in the healing of certain of these 
ulcers Avithout the local use of zinc peroxide. HoAvever, the process of 
healing Avas A'ery much longer than in the cases treated with zinc per- 
oxide alone or Avith a combination of the two forms of treatment.” 

Several authors have reported successful local use of sulfanilamide. 
Jensen and Johnsrud® found it effective in preventing infection of com- 
pound fractures. It has been found to be of value in treating chan- 
croid.^“ ■ Long^^ used the drug in treating chronicallj’- infected supeiUcial 
lesions from Avhich beta-hemolytic streptococci Avere isolated. Siuclair^- 
applied the drug to infected tooth sockets. 

It is not the purpose of this paper to refute the value of zinc peroxide 
in the treatment of chronic undermining burrowing ulcers, since many 
cases of this type have been successfully treated by this method. Hoav- 
ever, it is our desire to present a case in Avhich the local application of 
sulfanilamide brought about a moz’e rapid improvement than was ob- 
tained with zinc peroxide and subsequently enabled successful grafting. 
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ABSCESS OP THE LUNG 

Bronchopulmoxaky SEGitEXT, Basis FOR Clixical Localizatiox 
Ameil Glass, 3I.D., New York, N. Y. 

fFrom the ilount Sinai Hospital) 

I N A previous papeP attentiou was called to the observation that lung 
abscess developed in and was confined to, in the earlj' stages, anatom- 
ical pulmonary units which were named bronchopulmonary segments. 
It was also shown that these segments were essentially constant in form 
and position and, because of their relationship to bronchi, could be desig- 
nated in bronchoscopie localization. In a later paper- the significance of 
bronchopulmonary segments in roentgenologic interpretation Avas in- 
dicated. The anatomical studies which were made of the bronchi of 
these segments were in complete agreement with the classical studies of 
Ewart.^ The term bronchopulmonary segment Avas devised, not to sug- 
gest a neAv anatomical relationship, but to place emphasis on a clinical 
pathologic vicAV. The necessity for such emphasis became apparent as 
eA'idence accumulated that localized pathologic processes, such as putrid 
lung abscesses, bronchiectasis, and gangrenous bronchopneumonia, 
evolved in bronchopulmonary segments. 

In the surgical treatment of pulmonary absce.ss, accurate localization 
is of primary importance if the best results are to be obtained bj' drain- 
age operations. With precise localization the operative procedure'* is 
usually simple, consisting of a limited e.vposure at the site of contact of 
the abscess Avith the thoracic iiarietes and incision, through adhesions, 
of the absce.s.s. Tlic free pleural space and normal pulmonary tissue are 
not traversed in such a precise one-stage operation, and scA-ere, and 
frequently fatal, putrid empyema is aA'oided and excellent results can be 
achieved. Without the knowledge of the e.xact site of the le.sion, the 
free pleural space ami the normal lung may be seriously infected at 
operation. 

The purpo.se of this paper is to pre.sent the anatomical basis for the 
localization of lung abscess and the general approach to the problem 
used at Jit. Hinai Hospital. In this in.stitution on the surgical service 
104 ca.se.s'’ of acute putrid lung ab.sce.ss liave been operated upon Avith 
four deaths. Apart from questions of surgical technique, the excellent 
results which have been obtained and the low mortality are in large part 
ascribable to accurate localizjition. 

Before describing in detail the basic principles of localization, a 
res\nne Avill be given of certain constant anatomical characteristics of 
lung a bscesses as observed over a period of about ten years in a .series 
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of over 350 acute, subacute, and chronic cases. Emphasis should be 
placed on the fact that the statements to be made apply only to putrid 
pulmonary abcesses of substantial size and not to small cortical or 
miliary abscesses, small localized empyemas resembling pulmonary 
abscess, or nonputrid collections of pus from various sources. 

1. Lung abscesses always lie in the periphery of the lobe, their most 
superficial portion being within one-quarter or one-half inch of the 
surface. The superficial situation is due to the onset of the disease in 
the finer bronchioles® which lie iii the periphery. During the process 
of coalescence of necrotic foci into an abscess, the narrow layer of 
pulmonarj'- tissue between the cavity and the pleural surface collapses 
and becomes a thin shell of infected tissue. 

2. The superficial situation of pulmonary abscesses means easy sur- 
gical accessibility. There are exceptions in which abscesses, although 
quite as superficial as those facing costal surfaces, face interlobar 
fissures, the diaphragm, or the mediastinum. 

3. The visceral and parietal pleurae over the abscess are practically 
always adherent and thus shut off the free pleural cavity. In only five 
cases in the entire series were costal adhesions absent and these were 
the instances referred to in the preceding paragraph. 

4. There are sites of predilection. The lower lobe apical segment was 
the seat of the abscess in 40 per cent of the cases. 

5. The lung abscess always lies in dii'ect line with certain large bron- 
chi. These bronchi are quite constant in number aud position and the 
direction of the bronchi determines the direction of flow of the infected 
material and the position of the lesion. The reason for this relationship 
between the large bronchi and the abscess cavity is apparently tliat a 
spray or flood of infected material involving most of the fine bronchial 
branches is necessarj'' to form a surgical lung abscess. Involvement of 
only one or tivo of these fine bronchi apparently produces very sjnall cor- 
tical suppurative lesions which cannot be drained surgically. The break- 
down of most of the branches of a lai’ger bronchus produces the relation- 
ship noted between a cavity and a bronchus. This relationship of bron- 
chus to cavity is important because, with a knowledge of the position of 
the bronchi shown to be practically constant, the sites of surgicid abscess 
formation are known. In fact, long before the series of absce.sses was 
studied, the possible locations of tlie.se lesions could be accurately pre- 


licted. . , . . „ , 

The bronchi which determine the position of the lung nbsce.ss are con- 

tant in number and position and are named according to tlie portion of 

un'' into which they e.xtend. , , • , , 

Th nulnionary parenchyma supplied by eadi ot the ahove-piefured 
ine p L.fUnpd bv iniectinir a colored fluid into the hrondai.s 
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Tlie anatomy of the bronchi and pulmonary segments described above 
has been corroborated by Neil and his co-workers.' Also of much inter- 
est is the fact that these workers have been able to demonstrate each 
bronchopuimonarj' segment in vivo^ by injecting lipiodol through a 
catheter into a single segment and x-raying the subject. 


BRONCHOPULMONORY SEGMENTS 
WITH CORRESPONDING BRONCHI^ 
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The broiieliopulmonary segments are constant in position, shape, and 
number. Anatomicallj’’ tliej'’ are useful in describing and locating parts 
of the lung-. Pathologieallj'- thej- are units of disease processes, such as 
lung abscess, gangrenous and suppurative bronehopneumonia, and bron- 
chiectasis. Each segment has a definite iDOsition in the thoracic cage and 
a definite location on roentgen film. The main bronchus of each segment 
has a characteristic direction which determines the position of an abscess 



in relation to the costal surface; that i.s, whether the al)sces.s lies iie.xt to 
the paravertebral, axillary, or anterhir costal surface. On the roentgen 
film the inner field shadows are all po.stei-ior absce.sse.s, except nie.sial 
ones The lateral field shadow.s represent axillary abscesses.-' 

Wtl this resume of anatomical characteristics of lung absce.s.ses in 
1 av <'0 on to a consideration of each bronchopulmonary seg- 

mind concerned in the locali/ation of lung abscesses. A series of 

ment as i _ ....nte lung abscesses was analv/ed to determine 

100 I'g^’j^fions according to .seginent.s. 

the location of the it-sm 
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Loioer Lobe Ainail Abscess (nuddle paravertebral abscess).— -The 
most frequent site of acute lung abscess is the lower lobe apical segment. 
This portion of the lung lies lialfway betAseen the top and bottom of the 
lung field and borders on the mediastinum and vertebral column. The 
bronchus suppljdng tliis segment points backward and iuAvard and so 
determines the site of the abscess cavity Avhieh is found under the costal 
surface ne.vt to the spine. Pig. 2 shoAvs the position of the shadoAv of a 
loAver lobe apical abscess on an anteroposterior x-ray plate. The exact 
site of drainage is determined by measuring outAvard from the spinous 
piocess of the vertebra and doAviiAvard by counting the transverse proc- 
esses beginning at the first thoracic. These abscesses are erroneously 
called central abscesses ActuaUy, such abscesses ahvays lie immediately 
under the costal surface of the lung as described. Pig. 3, IX shoAvs 
diagrainmatically the position in the lung substance in lateral and an- 
teroposterior views that a lower lobe apical segment abscess assumes. 
Forty per cent of all acute lung abscesses appear in this segment (right 
or iett side), thus simplifying the problem of localisation considerably. 



Mr i — luuK. anterior aiul lateral Mevv>< /X, Lower lobe apical segment 
(niiiblU para\ciUbril) X. upper lobe paia\crtcbr vl jaeKinont abscti-s , VJJJ, 

Un\ci lobe p iruM.rlt Ural -e^nKUt ab*'ce**o .V/, me-.l il 'tegment abi^t.es^ 


Cppir Lube Parui'irtLb)al Abscess . — Another freipient site 

ot lung absces.'> is the upper lobe pai aA-ertebral segment. Pig. 1 shows the 
Aerlcbral ,uul costal surfaces and also the bronchus supplying tliis seg- 
ment directed posteriorly and toAvard the \ertebral column This seg- 
ment lies ,ius( ahoA'e the lower lobe apical and the shadow of an abscess 
occupying this location lies lu the upper part of the lung field next to 
the \ertehral column (Pig 1) The site of drainage is determined as in 
the prcA lolls segment and is usually about the level of the ioiirth tho- 
ra.ne traiisAerse inoces.s Eleven per cent of acute lung abscesses he in 
this segment Pig 3. A shows diagraminatieally the position in the lung 
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abscess, lateral and anteroposterior views, that an upper paravertebral 
seg-raeut assumes. 

Lotuer Loho, Paravertebral Segynent Abscess. — Continuing in the para- 
vertebral region of the lung, we come to the lower lobe paravertebral 
segment. In addition to the paravertebi’al and costal surfaces, this seg- 
ment has a diaphragmatic surface (Fig. 1). The bronchus supplj'iiig 
this segment is directed posteriorly downward and inward. Abscesses 
lying in this segment can always be reached directly through the pos- 
terior surface near to the vertebral column, although on rare occasions 
the pleural adhesions may be present only in the diaphragmatic surface. 
Six per cent of tlie cases lie in tlie lower lobe paravertebral pulmonary 
segment. Fig. 3, VZ/I shows the position that lower lobe paravertebral 
abscess assumes and Fig, 5 shows position on roentgenogram. 



W ee from preceding dc.'^criptioi.-, that the /)a ravcrtcbr.il segments, 
"middle and loner, acconnt for 37 per cent of all acute lung ai>- 
uppei, m lie in the po-.tcrior part of tlic lung nevt to flic 

scesses. Ihese . deM-nbed and arc represented on an a«- 

.crtebral coUuuu at Uit it't 
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teroposterior x-ray by shadows lying in the medial lung field along the 
vertebral column shadow. Conversely, shadows lying along the vertebral 
column always represent abscesses in posterior segments. Lateral views 
always prove this, provided the abscess shadow can be distinguished 
from the bone of the vertebra. 

Tlie mesial segment (Fig. 3, XI) is the site of 3 per cent of the ab- 
scesses. This segment has only a mediastinal and diaphragmatic surface 
and its bronchus points downward. It lies halfway betiveen the antero- 
posterior costal surface on the mediastinal aspect of the lung This is 
the only site which cannot be drained directly through a costal surface 



ritr o— I.owcr lobe paravtrtebrul .ibscc.^s shidow This abscois muit be Urainui 

pos-tcrlorl> . 


and wliK-h rcciuires a jmshiiig aside of normal lung tis.sue in its drain- 
age It eouhl coneei\<d)ly, of course, be drained directly without tra- 
ys sing the free pleural cavity by lueising uiiw aid through adhesions 
from the siibdiaphvagmatie space. So far this has not been attemiited. 

This abscess is about the same le\el ms the lower lobe paivueriebral 
abscesses, and at the medial pait of the lung field the two sites cannot 
be distinguished in an anteroposterior x-ray and therefore reiiuire a 
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Fiff. 7.-///. L-poor I., la-, unt-rlor: ,-. „,„wi.. 

Tlie lower lobe i)o.-,terolatei-ai i.s the .site of <i , , . 
bscesses and tiie anterohiteral .seifiiiuiit i.s ih . (uj,,, 
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Middle. Lobe Axillary and Anterior Segments . — These segments make 
up 3 and 2 per cent respectively of acute lung abscesses (Fig. 6, lY, and 
Fig. 7, F). The anterior segment in addition to an anterior surface has 
a mesial one. Since its bronchus is directed anterolaterally, the lung 
abscess always lies under its anterior surface next to the ribs. 

Upper Lobe Anterior Segment . — This segment accounts for 3 per cent 
of the acute lung abscesses. As Pig. 8 shows, it has an anterior and 
mesial surface-, bxit, since its main bronchus is directed anterolaterally, 
the abscess cavity is found under the anterior sui-face (Fig. 7, 111 and 
Fig. S). 



I ppir Lubt Apa-at Sigimni. — Tlii^ segment, lying a.s it docs at tlie 
(op ot the king. 1.S rarely involved by aspirated infected material. In 
tills series of 100 eases it has been involved in one instance. 

Table I is a summiu-N of the segmented sites of acute lung abscesses m 
loo eases. 


1 o.M.ui;.\r 

The situau.m of an aeiite lung abscess within the jiulmonary pa- 
venchyma is depemlcut on the course and position of certain lobar 
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Taiile I 


lUOllT LtlNO 

LKl'T 

LUNG 


Upper lobe 

Upper lobe 



Anterior It 



0 

A.xilliir^- J 1 



7 

Apical 1 



0 

I’anivertebral 1) 



o 

-Middle lobe 

-Vnterior de.scendiag 


-Vnterior ‘J 



1 

-Vxillarv 2 



0 

Lower lobe 

Lower lobe 



Apical i.’2 



18 

Paravertebral 



,*] 

Po.-iterolateral •> 



(i 

-Viiterolateral .'1 



1 

Mesial 



0 

Tolal (U 


Total 

38 

Summary 



Lower lobe apical 

(right and left) 

40 


-Vxillarv 

(right and left) 

IS 


Anterolateral 

(right and left) 

4 


Posterolateral 

(right and loft) 

1) 


Upper lobe paravertebral 

(right and left) 

11 


Lower lobe nie.sial 

(right and left) 

3 


Lower lobe paravertebral 

(right and left) 

1) 


Middle lobe anterior 

(right and left) 

3 


Middle lobe axillarv 

(right and left) 

2 


Upper lobe apical 

(right and left) 

1 


Upper lobe anterior 

(right and left) 

3 



brouelii wJiich are anatomically constant. These bronchi, with their coi’- 
responcling' ti.ssue, are designated as broneliopnlnionai’y segments and 
are the lobar subdivisions on which the individual abscess is situated. 
Lung abscess occurs preponderantly in the paravertebral segments (57 
per cent) and particularly in the middle paravertebral (lower lobe 
apical) segment (40 per cent). Gravity determines the segments most 
frecjnently involved. The lesion invariably is situated superficially 
within one of the lobes of the lung a short distance (within one-half 
inch) beneath the visceral pleura and usually facing the costal parietes. 
In the vast preponderance of cases the cavity can be entered directly 
thron'^h the overlying pleural adhesions and a thin shell of collapsed 
hum if the approach is made at the proper site. Lung abscess never 
lies°in the center of the lobe and, if normal lung tissue is traversed in 
tlie surgical evacuation of the lesion, it must be concluded that the ap- 
proach has not been made at the correct site. 

SUMMARY AND CONCLUSION 


1 . The larger 


bronchi (subdivision of lobar bronchi) are constant in 


number and position. 

Tnstautlape, size, and position in the thoracic cage. 


jy ,.,i,nniiarv Darench3"ma aerated by each such siibdivi- 
2. The mass ot piumoiw j ^ ^ 


sion has a 
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3. These bronchi with their corresponding^ parenchyma are known as 
aronehopulmonarj^ segments. 

4. The bronchopulmonary segments are units of clinical localization 
for lung abscess and other diseases due to aspiration such as bronchiec- 
tasis, bronchopneumonia, etc. 

5. Bronchopulmonaiy segments are individually described. 

6. A series of 100 cases of acute lung abscesses is analyzed according 
to bronchopulmonary segments involved and clinical location. 
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8 1 M U LTA \ nous HI Ij A'l' I-] UAL 8P0NT AN EO U.S 

UNE(LMOTXrOUAX 

A JXisctiKsio.v OF fT.s Ml'cha.vi.sm and Uei'Oet of a Case 

CuAiiLKs Wai/i'.max, M.D., Axi> Joiix E. Leach, ]\r.D., 

Ni:\v Youk, N. Y. 

(Ftom tlir liiitil anil Xivl, JiriKtrlmi nt and the UiiiurlmtiU of ,lH<?iVuic of the 

Mvmoiial Ilonpital) 

T JIE .subject of l)i)ateral p/iemiiotJiorax lias been repeatedly covered 
in tlie [la.sf. In tlie niain, attention lia.s been directed toward its 
incidence and it.s more freijnent ean.se, viz., disease of the visceral pleura 
(Table 1). It is the j)nrpo.se of this coniiuunieation to show tliat simul- 
taneous bilateral spontaneous pnenmothora.x may follow operations not 
performed witliin the jileui-al cavity and may not be due to pleural 
disease. We will also discuss the mechanism of this type of .spontaneous 
pneumothora.x. 

Oeelisli and MUcs-" point out that instances of pneumothorax, exclud- 
in'' those that are traumatic and artificial, should be classified as spon- 
taneous ivliether due to (1) some demonstrable pathologic change in the 
pleura which actually or ])i‘esnmably causes its perforation, (2) some 
cause that cannot be demonstrated, or (3) infection with a gas-pro- 
ducing organism. Olbreeht'* reserves the term simultaneous bilateral 
spoutaueous pneumothorax for those instances in wliicli it occurs simul- 
taneoush' or in which contralateral pneumothorax occurs before the 
original unilateral pneumothorax has disappeared. 

The traumatic causes of pneumothorax, on the other hand, should 
be reserved for those cases where the injurious agent aetuallj' perfoi-ates 
the pleura. Such agents might be srvord or bullet w'ounds, needle piuie- 
ture, fracture of the rib, or direct forms of injury to the chest with 
disruption of the pleura. The cases we ha\’e collected from the literature 
and the one we are reporting represent instances of spontaneous pneu- 
mothorax that occurred without perforation of the pleura due to trauma 
or disease. 

One mechanism by which spontaneous pneumothorax develops has 
been discussed bj' Saute,-® Dorwart,® and Weinstein“^ and more recently 
demonstrated experimentally by Bscudero and Adams.® In this type of 
lontaneous pneumothorax there is first partial atelectasis of a lung due 
to obstruction of a bronchus by mucus, such as may occur during or 
following anesthesia. If the diaphragm does not rise sufficient^', the 
j.s„uTi moves toward the affected side to neutralize the increased 

mediastuiuiu . . 

intrapleural pressure and the remaining lung becomes over- 
1 A Wlip nleura covering the norv overdistended lung can rupture. 


expanded. The pleura 
^^vecl for publication. Nov. 18. 1910. 
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Table I 

Distributiok or 82 Cases op Smultaneous Bilateral Spoxtaxeous 
Pneomothokax* 


ETIOLOGICAL FACTOR 

KO. OF 

CASES 

APPROXIMATE 

PERCENTAGE 

Pulmonary tuberculosis 

39 

■iS 

Idiopathic 

17 

21 

Emphysema 

10 

12 

Pneumonoconiosis 

7 

9 

Congenital cyst 

3 

o 

i > 

Bronchopneumonia 

o 

2.5 

Malignant tumor 

o 

2.5 

Bronchiectasis 

i 

1 

Interstitial fibrosis 

1 

1 

Total 

S2 

ioo 


•From Glickman and Schloniovitz.’ 


producing a pneumothorax. Eseudero and Adauks* reproduced such a 
course of events in dogs and in one instance produced a bilateral pneu- 
mothorax. Curiously enough they also demonstrated that in dogs, when 
pneumothorax kvas induced on one side, the air could ditfuse through the 
mediastinum and enter tiie contralateral cavity. 

Eliasou and McLaughlin® report 120 cases ^vith pulmonary complica- 
tions out of 7,326 operations. Of these 120 patients with pidmonary 
complications there was only one instance of pneumothorax, but the 
type of operation and the details of the complication are not discussed 
in the article. Although these figures may give a clue to the incidence 
of pneumothorax as a postopei-ative complication, it might be overlooked 
or it might be confused or diagnosed erroneomsly as postoperative atelec- 
tasis, which is by far a more common complication. The case described 
by Dorwart’’ and tlic one discussed by Weinstein'-' are illustrative of the 
latter possibility. 

Donvart V' patient was doing fairly well after the removal of a stone 
from the right kidney and a heminephrectomy. yuddenly on the 
eleventh postoperative day the patient became cyanotic and anxious, 
while the respirations jumped to :{8 and the pulse to 160 without cough 
or pain. Twelve hours later a diagnosis of right liiassive pulmonary 
atelectasis was made, but thirty-six hours later, when x-ray films of tlm 
che.st were made, a right pneumothorax was discovered. Without 
specific treatment the pneumothorax was absorbed and twenty days later 
the lung was completely expanded. An x-ray film of the che.st taken 
two years alter tins incident showed that the lung fields were clear and 
without evidence of pulmonaiT tuberculosis. Dorwart ' believes that the 
pneumothorax was preceded by a partial atelectasis of the lun- which 
led to the pressure changes that produced a bursting of the remaining 
overexpanded lung with the coiLscpient pneumothorax 

Tl„. n.,! I,v ,v,i, ,l,a, worn;,,. 

«l,„ 1„„1 a avUh capiaratiou and draiuaaa „f iha 
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eomuion dm-t. While i-eaetiug- from aiiestlie.sia, she roughed consider- 
ably, hvciiiuo moderately eyuuottc, uiid had a great deal of mucus 
ill iier jiliaryii.v. The cyanosis disaiipeared, but the cough per- 
sisted and suiise()ueii11y tlyspnea and cyanosis reappeared. Signs of 
partial atelectasis of the right lung- were reported, but on the seventh 
postoperative day an .x-ray of the chest showed a right pneumothora.v 
with some mediastinal (li.splaeemeat to tJie left. Tlie piieuiiiotliorax was 
.slowly ahsoriieil antii eight weelcs later on x-ray examination there was 
moderate thickening of the pleura. Weinstein*’' believes that the pneu- 
mothorax resulted from the rapture of a .snbpleiiral bleb. 

The seeond niochnni.sm has been denionsti'ated climcally by Keis/® 
Wiethe,-'' Iglauer," anti both clinically and e.xperinientally by 
Cliamiineys.'' Tin’s meehanism has been either disregarded or lost sight of 
for .some time, aJtlioiigh in the thirteenth edition of Osier’s Principles 
and Practice of Medicine, Christian' mentions Champneys' expei’imental 
work as illustrating: a eaii.se of mediastinal emphysema. 

To fe.st out the efficieney of various types of artificial respiration, 
Champneys' did experimental tracheotomies on twenty-one stillborn in- 
fants and then performed artificial respiration. Jfediastinal emphysema 
was noted in seven instances and of these five had a pneumothorax. In 
one experiment the pneumothorax was bilateral. Cliampney noted that 
in six of these seven eases showing mediastinal emphysema there was a 
Slicking sound Iieard at the base of tiie neck about the tracheotomy 
wound. By coutimiing his obsei'vations and using colored fluids he was 
able to trace their course down into the superior mediastinum. He 
postulated two conditions that must be present to favor the production 
of mediastinal emphysema. The first is a wound of the deep cervical 
fa.scia, and tlie second is obstruction of the air passages with continua- 
tion of forced inspiratory movements. If the pressure in the medias- 
tinum is equalized by removing the obstruction in the air passages, the 
emphysema does not progress. However, if the obstruction is not re- 
moved or forced, inspiratory movements continue; i.e., there is a con- 
tinued marked difference between tlie atmospheric mediastinal and in- 
trapleural pressure, the mediastinal parietal pleura ruptures, and air 
from the emphysematous mediastinum diffuses through, producing a 


pnenmotliorax. 

From the records of St. Bartholomew’s Hospital, Champneys found 
three autopsied eases of mediastinal emphj’-sema following tracheotomy. 
A unilateral 23 neumothorax was present in one and a bilateral pneumo- 
present in a seeond ease. One of these eases had sub- 
tiorax ^ gjjxphysema. From 1860 until 1884 the records of the 
eutaneous^^^^ Children yielded eighty-two eases with autopsies fol- 
Hospita foi- variorrs causes. Mediastinal emphysema was 

lowing iiad bilateral pnbnonary collapse, and three 

present m pJohysema, but none was recorded as having had a 

had subcutaneous emp* r 
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pueumotliorax. He believed that the pneuiuothorax was probably 
missed in many instances because it was not expected and it ivas not 
particularly looked for. In a later publication, from the same hospital 
ten additional autopsied cases of mediastinal emphysema were reported 
follOAving tracheotomy and in two pneumothorax was found. 

The experiments performed on rabbits by Ballon and Francis^^ may be 
intei'preted as offering confirmatory evidence of this principle. A 
rubber balloon was placed in the mediastinum of living rabbits and the 
effects of variations in the mediastinal pressure were noted. They 
observed that pneumothorax developed when the inci'eased mediastinal 
pressure was greater than the mediastinum could withstand. They also 
showed that mediastinal emphysema may be a consequence of a pneu- 
mothorax or a pneumothorax may be due to what was originally a 
mediastinal emphysema. 

The earliest eases of pnemnothorax following a surgical procedure 
ai'e those mentioned by Wilks and Moxon-* in tlieir Lectures on Patho- 
logical Anatomy, in 1S75, referred to by Champneys. They described 
two eases as follows: ^'We believe we have seen two cases of pneumo- 
thorax arise from tracheotomy and we mention the circumstances be- 
cause we are not aware that it has ever been alluded to. In one case, 
where after tracheotomy, death occurred without sufficient reason, both 
lungs were found contracted in the chest and the cellular tissue in the 
posterior mediastinum was filled with air producing large bubbles, which 
we think had burst the pleura into the chest. In another case where 
most extensive superficial emphysema followed the operation, the breath- 
ing became laborious before death, and the lungs were found contract- 
ed in the same manner; the emphysema having penetrated the media.s- 
tina.” 

Iglauer'^ reported a case of low tracheotomy in a 23'month-old chiid. 
He noted a inaiked sucking noise at tlje base of the neck. At the con- 
clusion of the opei'atiou, subcutaneous emphysema wa.s present and an 
x-ray of the chest disclosed an almost complete right-sided pueumo- 
tiiorax. In a siiuiUu’ vein Leiner'* i-eported twelve cases of tracheotomy 
in children in nine of whieii mediastinal emphysema ensued, but there 
were no ciuses of pneumothorax. Crepitation synchronous with the 
eiirdiae sy.stoie was the chief sign ob.served. Eight of the cases had 
subcutaneous emphysema. 

Wiethe-’ added two cases of left-sided pneumothorax in ehildren fol- 
lowing low traebeotomy. Both escses survived. He made further 
anatomical observations on i>ost-mortem material, but his explanation of 
the mccbaui.sm of the puoiuuothorax was that of laceration of the left 
pleural dome during operation, thus favoring a traumatic cause for the 
pneumothorax. 

Media.stiual emphysema with pneumothorax may follow thyroid- 
ectomy. particularly when substerual portions of the ghind are removed. 
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I'Oiiuiioii (lii(;l. Wliilf ivilctiiif' from anestiiesia, .slie coughed consicler- 
ahly, hceamo moderntely cyauotie, and liad a great deal of mucus 
in lier pluiryn.x. Tlie cyanosis di.sai)|)eared, but tlie cough per- 
sisted and subseijiieiitly dysiniea and cyanosis reappeared. Signs of 
[(urtiul atelectasis of tlie right lung were reported, but on the seventh 
postoperative tlay an x-ray of the eliest showed a right pneumothorax 
with some mediastinal ilisplaeemeut to the left. The pneumothorax was 
slowly absorbed and eight weeks later on x-ray examination there was 
moderate fhicketung of the pleura. \\'’einsteia-‘ believes that the pneu- 
mothorax resulted from the nii)ture of a subpleural bleb. 

The second meclianism has been demonstrated clinically by Keis,^” 
Wiethe.'*' Igiauer," and both clinically and experimentally by 
C'iiamjnieys. ' Tliis mechanism has been either disregarded or lost sight of 
for .some lime, altliongii in the thirteenth edition of Osier’s Principles 
and Pntelicc of Medicine, Oliristian' mcntioiis Cliampneys’ experimental 
work as illustrating a cause of mediastinal empliysema. 

To test ont the etltieiency of various types of artificial respiration, 
CImmpnoys' did experimental tracheotomies on twenty-one stillborn in- 
fants and tiieu performed artificial respiration. jMediastiual emphysema . 
was noted in seven instances and of these five had a pneumothorax. In 
one experiment tiie pneumothorax was bilateral. Champney noted that 
in .six of these seven eases showing mediastinal emphysema there was a 
sucking sound heard at the base of the neck about the tracheotomy 
wound. Bj' coutiiuu'ng his obseiwations and using colored fluids he was 
able to trace their course down into the superior mediastinum. He 
postulated two conditions tliat must be present to favor the production 
of mediastinal emphysema. The first is a wound of the deep cervical 
fascia, and the second is obstruction of the air passages with continua- 
tion of forced inspiratory movements. If the pressure in the niedias- 
tiuuni is equalized by removing the obstruction in the air passages, the 
emphysema does not progress. However, if the obstruction is not re- 
moved or forced, inspiratory movements continue; i.e., there is a con- 
tinued marked difference between the atmospheric mediastinal and in- 
trapleural pressure, the mediastinal parietal pleura ruptures, and air 
from the emphysematous mediastinum diffuses through, producing a 

pneumothorax. 

From the records of St. Bartholomew’s Hospital, Champneys found 
tlu-ee autopsied cases of mediastinal emphysema following tracheotomy. 

A. unilateral pneumothorax was present in one and a bilateral pneumo- 
nresent in a second case. One of these eases had sub- 
thorax w ^ From 1860 until 1884 the records of the 

cutaneorrs^^e Qpiidren yielded eighty-two cases with autopsies fol- 
Hospita various causes. Mediastinal emphysema was 

lowing QQg Pad bilateral pulmonary collapse, and three 

Sad snbeutaJeons emphysema, but none was recorded as having had a 
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Mas attributed to the rupture of another emphysematous bleb from the 
postoperative coughing. 

Although the above explanation may be correct, another mechanism 
is rupture of the diaphragmatic peritoneum with the development of 
mediastinal emphysema by aspiration of air through the crus of the 
diaphragm. Sufficient surgical injury to the retroperitoneal tissues may 
have occuiTed during the operation to permit the aspiration of air, 
particularly n-hen it is considered that there had been respiratory 
difficulties during the operation. Similar eases have been reported in 
the literature. Ritter-* described subcutaneous emphysema of the head 
and neck folloM’iug excision of a gastric ulcer. Jessup*^ described a 
fatal case of mediastinal emphysema follonung splenectomy, during 
which the diaphragm was incised and repaired. No pneumothorax M’as 
observed at the autopsy. Newman’® reported a case of generalized em- 
physema first appearing at the jugulum folloMuug a rupture of the 
stomach. Eriehsen’s patient’ developed subcutaneous emphysema after 
the bladder had been punctured through the rectuni for acute urinary 
retention, although from the clinical description one may assume that 
the patient may have had a gas bacillus infection. A similar case was 
reported by Tatum.“ Pearce®’’ described a case in M’hich perforation of 
the esophagus M'as a.ssociated M’ith an abscess of the cardiac end of the 
stomach. The patient died from subcutaneous and mediastinal emphy- 
sema M'ith bilateral pleural effusion. 


case report 


Tlie case wliicli we wish to pre.-ent is that of a 57-jear-olil white male, a painter 
by occupation, who first applied at the Memorial Hospital Clinic on Sept. 2S, 
1938, at which time he complained of hoarseness and cough of sixteen months ’ dura- 
tion. Tile family history was irrelevant. There was nothing in liis past history 
suggesting antecedent pulmonary infection and tlierc were no pulmonary symptoms 
suggestive of empliysoma at tlie time of admission to the clinic. He was a lieavy 
user of tobacco. 

Pliysical examination discloseil a tumor of the loft vocal cord with fixation of 
the structure. The remninder of the physical findings were within normal limits. 

A biopsy of the left vocal cord was reported as epidermoid carcinoma, Grade 
II. Wa.ssermaiin and Kalin tests were negative. Blood chemistry studies were 
within normal limits and a roentgenogram of the che.st was normal. 


InasiiiucU as the lesion was limited to tlie intrinsic larynx a total laryngectomy 
was done on October 31, 193S, under loeal ane.sthesia. A permanent traelieui open- 
ing was left at tlie root of the neck in the midliiie. 

Beyond a transitory piiaryiigeal fistula and low-grade cellulitis of the neck, tlie 
postoperative couvalcsconee was uneventful. The patient was discharged on tiie 
fiftieth postoperative day. 

Gross and mierosCDpic studies corrohorated the biopsy. 

He remained fr.-e of disease until tSeptemlK^r, 1939. when a metastatic no.le wa.s 
found in the lower left c.-rvn-al region. He wa,s readmitted to tlie hospital for 
!1 radical iicck dissection. On Sept. -dii. 1939, a radical neck dissection was done 
under local am-siticsia. Due to the fact that the patient alrcadv had a tracheotomy, 
it was mvessary to suture a tube in place in the traclieal stoina in order to cover 
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ivei.s desei'ibes u case in wliich a tliyroid tiniior was removed luider 
general aiiestlio.sia. Tliere was a jjeriod of dyspnea diirin" the opera- 
tii>n. \\ iliuivd. i'nrtliei' details Keis states that the patient died. Autopsy 
showed a meiliastiiial eniphy.senia witii l>ilatei'al pneinnothoraA'. There 
\\as no demonstral)le pleural injury or pnlmoiuu'y di-sease. lie collected 
seven otiier eases from the literature where mediastinal emphysema fol- 
lowed thyj'oideetomy. In four of these eases a bilateral pneumothorax 
wa.s {leuunistrated at autopsy and no injury to the pleura was observed. 
From ICeis' btbliopraphy we have located three of the.se ca.ses. Jelm and 
Niesseu’s" jiatient doveloj>ed n'.sj)irntory .syniptoims within one hour 
after the operation. Gold'” reported four eases of mediastinal emphy- 
sema tollowinj' thyrnideetoiny, one of ■\vhieli .showed subeiitaiieous as 
well as bilateral pneumotbora.v. Dnrinpr tlie operation on this patient a 
]iissin<r noise was beard at the base of the neek. Lotlieiseii’s’* ease had 
malipnant struma with severe tracheal stenosis. Five days after partial 
tliyroideetomy, a tracheotomy wa.s performed and a hissing sound of 
a.spirated air was heard before the traeJieotomy was completed. 

Jessu])'” in a review of tlie subject of mediastinal empJiy.seJna lists sLx 
l)athways in order of their fretpieney by which air may get into the 
mediustimim ; (1) the pulmonary interstitial tissue extending along the 
peribronchial and periva.senlar eonneetive tissue to the hilus, thence 
clilfusing into the loo-se areolar tissue of the mediastinum; (2) extension 
of a SHbeutaneo\is emphy.sema along the endothoracie fascia at the 
juguhnn ; (3) the direct stieking- of atmosplieric air through wounds in 
the superior and inferior apertures of the thora.x; (4) injury of the 
trachea and main bronchi wlierebj' air is blown dii’ectlj' into the 
mediastimuu; (5) openings in the }iiediastiiial pleura so that air pro- 
duced by pneumothorax is admitted; inid (6) extension of reti'opeid- 
tone<d emphysenui through the ci'us of the diaphragm. 

The case reported by Phillips, Waldron, and Vanzaut=» may be illus- 
trative of tlie sixtli pathway mentioned above. The patient was a 
wdiite male, aged 29 year.s. A subtotal ga.strie resection ivitli Polya 
anastomosis was performed for perforating duodenal ulcer. The patient 
did not take the gas-etiier anesthesia well and at the end of the operation 
there wms noticeable subcutaneous ennihysema in his neck with dyspnea 
and cyanosis. The emphysema continued to increase. On tlie next daj' 
a film of the chest showed a right partial pneumothorax. There ivas a 
stormy postoperative course with a good deal of coughing. A roeutgeno- 
o-ram taken on the eleventh postoperative day shoived a bilateral pneu- 
mothorax that was complete on the right and partial on the left. 

The airthoi's presume that there w'ere bilateral emphysematous blebs 
followin" tlie strain of anesthesia, one of these ruptured on the 

/ '1 resulting in a pneumothorax wiiieh was accompanied by a 

rig 1 SI ^ ^ through the mediastinum into the neck and over the 

passage ° ® =nbcutaueous emphysema. The left pneumotboi-a.x 

chest, prodnemg tne 
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I s art.i ,nlh stor.le drapes. Tl.c dissection was carried out from below upward 

carl in"d T ^'‘-"•'■'’“'‘-•Womastoid muscle were severed 

curly ni the operation and tl.e internal jut;ular vein was taken along with the 

imsUe. I ho metastatic node was removed with these structures. During this time 

onerat ' I ‘ fr JlDwevcr, during the latter part of the 

poKitioii when the dissection was being carried out in the upper portion of the 

left neck, the patient e.xperieiiced gradually increasing dyspnea. Coincidentally, there 



2 Sent 30, 1939. Film showing bilateral pneumothorax. Apex and base in- 

* volved in right side and apex involved in left side. 


was a loud sucldng noise heard in the left supraclavicular fossa and the tissues in 
this area alternately rose and fell with each respiratory excursion. Attempts to 
relieve the patient by rearranging the drapes and administering oxygen through 
the tube were only partially successful. 

He was returned to the ward after the completion of the operation. At that 
time he was quite cyanotic and dyspneic with a respiratory rate of 30. Three hours 
postoperatively his condition was poor. He complained continually of a squeezing 
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pain in the lower sternal and epigastric areas and he was in mild collapse. There 
was moderate cyanosis despite the continuous admimstration of oxygen through the 
tracheotomy tube and his face was somewhat puffy The respiratory excursions 
were increased in rate and depth. There was subcutaneous emphysema oier the 
right upper anterior chest. 

Percussion over the left Iiemithorax and right anterior chest showed hyper 
resonance. Over the right posterior chest the note was tympanitic The breath 
sounds were questionably audible over the upper four fifths of the chest Posteriorly 
at the bases there was a transierse bandlike area where the breath sounds were 
more easily heard but they were still distant Expiration was prolonged 







Pie 2 — Oct 0, 1939 


Film of chest showing bilateral pneumonitis of lower 
Pneumothoiax has completelj disappeared 


lung fields 


The pulse rate was 88 with occasional extras} stoics The blood pressure was 
128/80 The area of cardiac dullness was obscured b\ the hy per resonance of the 
left chest The lieirt sounds were barely .ludiblo and there was a faint tracking 
''Ouiid tint was synchronous with each systole. 
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Pig. 1.- 



-Sept. 30. 1939. Film showing bilateral .. ' 

volved in right side and apS\„*rCd°‘m “0 base in. 

was a loud sucking noise heard in the left supraclavicular foss 
this area alternately rose and fell witli each respiratory e.xcur tissues in 

relieve the patient by rearranging the drapes and adniiiiisteri™”” Attempts to 

tile tube were only partially successful. o.vygen through 

He nas returned to the ward after the completion of the ou • f 
time he was quite cyanotic and dyspneic with a respiratory rate of *^30 ""t) 
postoperatively his condition was poor. He complained continually of 
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By Oct. 2, 1939, the patient was over the acute features entirely e.veept for 
some mild hyperpnea. The subcutaneous emphysema increased moderately over the 
right anterior chest, but later it was gradually absorbed. 

His convalescence was complicated by an. erysipeloid infection of the wound 
and a bilateral pneumonitis of a mild degree (Big. 2) . By the twentieth postopera- 
tive day the patient was clinically well and a film of his chest showed no evidence 
of any abnormality (Pig. 3). He was discharged on the twenty-third postopera- 
tive day. 

In December, 1939, the patient had a plastic operation for stenosis of the 
tracheal stoma. There were no complications associated with this operation. A 
month later tliere was no eridence of any eifeets from the pneumothora.v which 
was completely absorbed. He has subsequently remained well. 

In the consideration of the development of the pneumothorax of this 
patient there are several salient features which should be emphasized. 
First, there was the obvious difficulty of breathing with strong in- 
spiratory efforts. This condition was accompanied by a loud sucking 
noise in the left supraclavicular fossa. Direct injury to the pleura 
might be regarded as tbe cause of the dyspnea and the pneumothorax, 
but it must be borne in mind that the symptoms and sucking sound first 
occurred tow’ard the end of the opei-ation when the dissection was being 
carried out on the upper paid of the neck. 

It would seem more likely that some partial mechanical obstruction 
to the patient’s air supply occurred late in the operation, possihlj’ 
tlirough disarrangement of the drapes or compression of the oxygen 
supplj' tube. In either event, there was .sufficient air hunger to produce 
dyspnea with strong inspiratory efforts. This corresponds to 
Champneys’ first requirement for the development of mediastinal em- 
physema. A sucking noise was heard in the left supraclavicular fossa 
and this observation was also made in cases reported by Champneys,® 
Iglaner,” Wiethe,-' Gold,’" LotheLsen,*” and Buford.- Wiethe points out 
that this sucking sound may be confused with aspiration of air into the 
vein.s and, in fact, such a complication was considered in the case which 
tve have described. However, since hemostasis was complete in the lower 
cervical region, other causes for the noise were considered. 

Champneys’ second cause for the development of mediastinal emphy- 
sema, a wound in the deep cervical fascia, was more than fulfilled in this 
ease, since a portion of the deep cervical fascia was removed with the 
specimen. We are thus of the opinion, in accordance with the e.vperi- 
mcutal findings of Champneys, that, because of tlie ffioleut inspiratory 
efforts of the patient, air was drawn into the mediastinum through the 
defect iu the deep cervical fascia. The patient continued Ids inspiratorv 
efforts for twenty minutes or longer. Appareutly, sufficient difference 
in pressure between the media.stinum and pleural cavity resulted to per- 
mit the rupture of the meclia.stinal pleura on both sides with the produc- 
tion of a bilateral pneumothorax. 


..'X 
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Tliu iiklomcu Wivs ilihk'Utlcil witlumt tenilcriie.'.s or rigiditv. 

An oU'i-trociudioi'rom showed noumil sinui rliytlim, iiormul PR und QRS con- 
duction time. There was no evidence of coronary occlusion. 

A clinical diaguonis of hilnteral .apont.mcous pneumotliorax with mediastinal 
emphybcina wa.s made. 

Tlie patient was ticated e.xjieefaiitly witli .snpporti\e measures and in a fen 
horns lie was nnich more euinloitatde. 



g Qgt. 19, 1939. Film showing return to normal 

o- Sept. 30 1939, there wJis clinical eiidence of increasing cx- 
Tlie next moimn„, jlie haaes, hut no bieath sounds were audible over the 
pansion of both ungs same time a chest film showed a 

upper onetlnra ur which was more marked on the right side timn 

bilateral partial pneumothor. 

on the left (Fig. D- 
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Prom tlie literature we hare collected eighteen cases of spontaneous 
pneumothorax that followed operations : Wilks and IMoxon, Champneys, 
Iglauer, Wiethe, Keis, Jehn and Niesseu, Gold, Lotlieisen, Dorwart, 
Phillips, Waldron and Vanzant, Weinstein, and Eliason and hlcLaugh- 
lin. Six of these cases had unilateral pneumothorax: Champneys, Ig- 
lauer, Dorwart, Wiethe, and Weinstein. Nine cases had bilateral pneu- 
mothorax; Wilks and IMoxon, Champnej's, Iveis, Phillips, Waldron and 
Vanzant, Jehn and Niessen, Gold, and Lotheisen. In three cases the 
type of pneumothorax was not stated. In six cases the pneumothorax 
may he considered the cause of death: Wilks and Iloxon, Champneys, 
Keis, Jehn and Niessen, and Gold. Six cases recovered from the pneu- 
mothorax; Iglauer, Wiethe, Dorwart, Phillips, Waldron and Vanzant, 
and Weinstein, while in the remaining six cases neither the cause of 
death nor the end result was clearly described. 


CONCLUSIONS 

Spontaneous pneumothorax as a postoperative complication is prob- 
ably more common than is suspected because it may be overlooked or 
confused with other postoperative pulmonary or cardiovascular condi- 
tions. 

Besides the usual signs of pneumothorax, one should look for sub- 
cutaneous and mediastinal emphysema. 

Pulmonary effort appears to be the principal factor in the production 
of the complication. This may occur during or after the operation. 

The morbidity of the complication is difficult to state because all the 
cases were not clearly reported, but six out of nineteen patients died as 
a result of pneumothorax. 

After a correct diagnosis has been made, the treatment should be di- 
rected toward supportive measures and, if neeessaiy, aspiration of the 
pneumothorax should be performed. 


4 . 
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-Besides the signs of bilateral pneumothorax tlie patient had sub- 
cutaneous emphysema. Tiiis was noted in cases reported by Wilks 
and iMoxon,-" Cliampjieys/* Iglauer," Gold/" Phillips, Waldron, and 
Vanzuut,-" and Buford.- However, subcutaneous emphysema without 
pneumothorax is not at all uncommon after operations about the root of 
the neck. 

We also observed the sign emphasized by Leiner/' that is, a craekliug 
sound synchronous witli cardiac systole, supposedly indicative of medias- 
tinal emphysema. It is conceivable that this could be produced by the 
contraction of the heart against a partiallj' collapsed left lung. 

Tlie pain experienced by tlie patient "was no more unusual than that 
seen in .spontaneous pneumothorax resulting from other causes. Its 
location suggested tlie possibility of a coronary occlusion, but immediate 
and succe.ssive electrocardiogimms failed to disclose anj' evidence of myo- 
cardial infarction. There were progressive changes noted in the elec- 
trocardiograms, but these eaii be explained by displacement and rota- 
tion of the heart with its subsecpient return to its normal position. Bu- 
ford’s patient,- however, had mediastinal and subcutaneous emphysema 
following a thyroidectomy, but pneumothorax was not observed and no 
x-rays were taken. In addition, his patient had great precordial fullness 
and precordial pain with each inspiration. The symptoms were greatly 
accentuated by deep breathing, ivhieh was characteristic of our ease. 
According to Jessup’^ the outstanding effect caused by mediastinal em- 
physema is a mechanical interference -with circulation brought about by a 
compression of the large veins entering both sides of the heart. The 
clinical and experimental observations of Jehn’" and Niessen’^ on medias- 
tinal emphysema confirm this conclusion. A case is reported by 
Jehu’"’ in which the mediastinal emphj^sema was so great that very 
little blood was found in the cardiac circulation because of the compres- 
sion of the gi-eat veins entering the heart. 

We do not believe tliat this occuired in this case since there was no 
appreciable engorgement of the cervical or brachial veins and the elec- 
trocardiograms did not suggest myocardial anoxemia. 

SUMMARY 


A case is described of spontaneous bilateral pneumothorax aecom- 
nied by mediastinal and subcutaneous emphysema. These complica- 
tions developed during a radical neck dissection and were caused by 
no- inspiratory efforts of the patient, according to a mechanism sug- 
I ' the expei’iments of Champneys. This mechanism must be dis- 
geste J Saute’s, Dorwart’s, and Eseudero and Adams’, 

tinguis e results from the rupture of the overdistended 

where t e massive collapse of another portion of the same 

portioi^o ^®^jgj^^“j.eported made a satisfactory recovery without other 

Ihal supportive treatment. 



Editorials 


Dr. Meyer Bodansky 
(1896-1941) 

rMl jMBYER BODANSKY (member of the Editorial Staff of Sur- 
D gery), Professor of Pathological Chemistry at the University of 
Texas School of Medicine, died after a short illness at the John Sea^ 

s "s s:e:;r^ ts;: 

PM^sopUy d.*.ee Jrop. B™."; ..” 

"“Lto.ovy divisioi. o£ the Mydica. Corp. Hearn 
_■ and ediunct P.-of.-v in M.legl 

.he H„iv„ai.y o£ in 

avtee in 1930 he was made ProteKoi- of Palliological Chemistry, a l»s.- 
Hon held antn his death 

SeTthSl-atories of the fohn Sealy Hospital and the John Sealy 

Research Laboratory. . , . , ^ 

Tir BodansW’s research work and writmgs m physiologic chemistry 
are widely known and highly respected. His thesis on “The Chemistry 
of Heart Action” was an outstanding contribution. His textbook Intro- 
ditctioa fo Biological Cheomtnj is a standard text and is i^ed in med- 
ical schools and graduate schools of medicine throughout the world. 
Other of his widely used books are Introduction to Physiological Ghem- 
istry and Laboratory Manual of Physiological Chemistry. In adddion 
to L many activities, he contributed freely to scientifie medical jour- 
nals, chief of which were Surgery, The Journal of Biological Chemist) y, 
and the Amci'ican Journal of Physiology. 

He was a member of the American Society of Biological Chemists, 
The Society of Experimental Biology and Medicine, the A.AA.S., 
American Society of Clinical Pathology, the Texas Academy of Sci- 
ence, and Sigma Chi. 

Dr. Bodansky’s death was more tragic because it occurred at the 
height of his productive activity. In addition to being laboratory 
director, teaching, and doing research work, he was preparing a new 
edition of his textbooks. IVith his many achievements he remained 
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The guide in these procedures was tlie familiar preservation of 
normal or tumor tissues at ice box temperature for weeks or months, 
apparently without harm. The imitation of these conditions in parts 
still attached to the body is essentially bound up with the use of a 
tourniquet, which serves the double purpose of enabling the local part 
to be chilled thoroughly and accurately and preventing chilling of the 
rest of the body. After very many e-xperiments in different animal 
species had demonstrated the retention of both vitality and healing 
power without any perceptible impairment, the radical proposal still 
aroused natural misgivings in conservative sin-geons. Accordingly it 
was necessary for Allen to make the first trials on private patients, hy 
taking personal charge and responsibilitj’^ for the anesthesia. It became 
possible thus to announce a small series of encouraging experiences.^ 
Through Homer Cudmore the method was brought to the attention of 
Lyman W. Grossman, under whose direction it has since been used on 
the surgical service at City Hospital, New York City, with participation 
by W. F. Ruggiero, Vincent Hurley, and other associates, and the 
helpful cooperation of the heads of other services. The principal ex- 
perience to date has consisted of amputations for peripheral vascular 
disease and its complications, but it is expected that reports on other 
uses will be made subsequently by different staff members. 

A series of about forty amputations up to the present cannot be 
made a basis for too positive claims, especially as the early technique 
was primitive and greater accuracy and efficiency are expected from 
the apparatus only now becoming available. Nevertheless it is nec- 
essary to state impressions and reasons why the method should he used 
even experimentally. The following may therefore serve as a summary 
of the advantages according to preliminary impressions and hopes, 
subject to any necessary amendments Avith larger experience: (a) simple 
and effieient anesthesia, differing from other methods in being an 
anesthesia of protoplasm as Avell as of nerves; (b) accordingly, absence 
of all the usual signs or symptoms of shock; (c) reduced liability to 
pain, edema, infection, and necrosis, Avith the aid of postoperative cool- 
ing; also freer drainage \A"hen necessary; (d) consequently, success 
sometimes at loAvcr levels of amputation than formerly considered 
feasible; (e) for all these reasons, loAA^er mortality; (f) sloAver but 
Uealtbier healing processes, and better average character of the final 
sear and stump. 

The more limited the circulation, the more completely a limb can 
be chilled through and through Avithout a tourniquet; therefore theo- 
retically bacterial activity should be arrested more effectively in an 
arteriosclerotic than in a normal limb, and the local tissue metabolism 
should be capable of reduction to a Ioa'cI for Avhieh the existing blood 
supply is adequate. This prineiifie seems to succeed in practice to tlio 
extent that an ads'aneing arteriosclerotic gangrene can be delayed and 
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modest and roliring to the extreme. lie was kind and sympathetic, and 
a faitljful friend to ail his associates and students. He was liiglily 
respected by all wlio knew iiim and admired by scientists of the med- 
ical profession everjuvdiore. His passing is a serious loss to his institu- 
tion, as well as to mcdieinc and allied sciences. 

— Albert Singleton, M.D. 

Galveston, Tex. 


Eeduced Temperatures in Surgery 


V ARIOUS external loses of cold in the form of water, ice, ice bags, 
and other applications belong to the immemorial traditions of medi- 
cine and snrgeiy. New ideas have developed in recent years along 
two independent lines. 


The bold pioneer work of Temple Fay, now gaining more deserved 
recognition, comprised essentially two innovations; one, radical and 
prolonged local chilling by means of refrigerating tubes and capsules 
introduced directly into the tissues; the other, the artificial reduction 
of genei'al body temperature to levels not previously considered pos- 
sible in man, maintaining during several days a bodily and mental 
state which has been compared with the hibernation of lower animals. 
These methods and the fundamental phy.sical and biological principles 
upon which they were based became associated in the medical mind aimo&t 
entirely with the attack upon cancer; but regardless of what may prove to 
be the ultimate value in this field, Pay has pointed out additional uses 
ranging from the treatment of infections as serious as brain abscess and 
gas gangrene to the relief of pain and other neurologic and psychiatric 
disorders.^ In Pay’s own field of neurosurgery tliere appear to be 
fascinating theoretical possibilities that inflammatory reaction may be 
checked, edema controlled, and the consistency of the nervous tissues 
made firmer by low temperature so as to facilitate handling and reduce 


lacerations. 

The other line of development, less known and therefore requiring 
fuller explanation, originated from the problem of diabetic or arterio- 

^ fV? J. _i 


sclerotic gangrene, 


States of insufficient circulation were studied 


throu-^h experiments on tissues or organs witliout any circulation, pri- 
arily on animals’ legs deprived of blood supply by a tourniquet. It 
f und that heat markedly accelerated necrosis, while cold permitted 
was 0 ^ ^ fifty-four hours- and of rats’ tails 

the surviv . . fiours.^ Shock, thrombosis, and damage to ves- 

formore 1 strongly inhibited by cold. The.sc facts, to- 

sels or ne „gU.pnown restraint of bacterial activity by reduced 

gether with ® ^ practical applications to treatment. 

temperature, suggesieu i 
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The guide in these procedures was the familiar preservation of 
normal or tumor tissues at ice box temperature for weeks or months, 
apparently without hai’m. The imitation of these conditions in parts 
still attached to the body is essentially bound up with the use of a 
tourniquet, which serves the double purpose of enabling tlie local part 
to be chilled thoroughly and accurately and preventing chilling of the 
rest of the body. After very many experiments in different animal 
species had demonstrated the retention of both vitality and healing 
power without any perceptible impairment, the radical proposal still 
aroused natural misgivings in conservative surgeons. Accordingly it 
was necessary for Allen to make the first trials on private patients, by 
taking personal charge and responsibilitj- for the anesthesia. It became 
possible thus to announce a small series of encouraging experiences.^ 
Through Homer Cudmore the method was brought to the attention of 
Lyman W. Grossman, under whose direction it has since been used on 
the surgical service at City Hospital, New York City, with participation 
by W. F. Ruggiero, Vincent Hurley, and other associates, and the 
helpful cooperation of the heads of other sendees. The principal ex- 
perience to date has consisted of amputations for peripheral vascular 
disease and its complications, but it is expected that reports on other 
uses will he made subsequently by different staff members. 

A series of about forty amputations up to the present cannot be 
made a basis for too positive clainrs, especially as the early technique 
was primitive and greater accurac3' and efficiency are expected from 
the apparatus only now becoming available. Nevertheless it is nec- 
essary to state impressions and reasons why the method should be used 
even experimentally. The following maj’’ therefore serve as a summary 
of the advantages according to preliminary impressions and hopes, 
subject to any necessary amendments with larger experience: (a) simple 
and efficient anesthesia, differing from other methods in being an 
anesthesia of protoplasm as well as of nerves; (b) aceordingl}', absence 
of all the usual signs or sjmrptoms of shock; (e) reduced liability to 
pain, edema, infection, and necrosis, with the aid of postoperative cool- 
ing; also freer drainage when neeexsary; (d) consequently, success 
sometimes at lower levels of amputation than formerly considered 
feasible; (e) for all these reasons, lower mortality,- (f) slower but 
healthier healing processes, and better average character of the final 
scar and stump. 

The more limited the circulation, the more completely a limb can 
be ehiUed through and through without a tourniquet; therefore theo- 
retically bacterial activity should be arrested more effectively in an 
arteriosclerotic than in a normal limb, and the local tissue metabolism 
should be capable of reduction to a level for winch the existin- blood 
supply is adequate. This principle seem.s to succeed in practice" to the 
extent that an advancing arteriosclerotic gangrene can be delaved and 
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llio loc'iil color tcinpoKU’ily improved: iilso a thrcateiiin^ infection can 
sometimes lie checked as regards local syini)toTns and systemic absorp- 
tion. Thus far in the experience with periplieral vascular disease these 
benefits have not extended to the point of a cure by conservative treat- 
ment. The patient may he saved in the .sen.sc of bringing him into 
condition to be cured by operation, but as yet the necessity of operation 
has not been obviated. 

The immediate and positive value for the control of pain, shock, and 
infection strongly recommends this method for traumatic and military 
surgery. The requisite apparatus for dispensing with the use of ice 
need not add greatly to the load of a truck or ambulance. Patients 
with all sorts of limb wounds can thus be transported, or their treat- 
ment can be delayed for any' emergency reasons, for at least several 
hovu's without hemorrhage, pain, shock, growth of gas-forming or other 
organisms, and also without the harm resulting from a tourniquet at 
ordinary temperatures. At tlie end of tins time they are ready for 
operation without an anesthetic and without any added shock. Existing 
conditions seem to make tliis one of the most urgent fields for further 
research. 
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Recent Advances in Surgery 

Conducted by Aepred Bualock, M.D. 


SULFANILAIMIDE AND ITS DERIVATIVES IN SURGICAL 

INFECTIONS 

A Ueytew 

I. The ]Mode op Chemotherapeutic Action of the Sulfonamides* 
John S. Lockis^ood, jM.D., Med. Sc. D., Philadelphia, Pa. 

(From the Harrison Department of Surgical Mesearch, Schools of Medicine, Uni- 

cersity of Pennsylvania ) 

ilODE OF ACTION 

'^HE earliest observations on the mode of action of the sulfonamides 
■■■ were made largel}' by clinicians, some of whom conducted laboratory 
studies supplementing investigations of the therapeutic effectiveness of 
sulfanilamide in hemolytic streptococcic infections. Leonard Colebrook,' 
who published the first statistically significant clinical report on any 
of the sulfonamides, one dealing ivith puerperal sepsis, observed (1936) 
that “ p-aminohenzene sulfonamide (sulfanilamide) has a bacteriostatic 
and bactericidal action against small numbers of hemolytic streptococci 
in culture medium and in blood. Following administration of the sul- 
fonamide ... to man and animals their blood is bactericidal to hemo- 
lytic streptococci.” It therefore became apparent five years ago that 
the search, initiated by Paul Ehrlich, for a drug which would be rela- 
tively nontoxic foi’ animals and man, and ivould act upon bacteria in 
vivo as ivell as in vitro, had been successful. Study of the peritoneal 
exudates of infected mice under treatment with sulfanilamide led a 
number of investigators^’ into substantial agreement that sulfanila- 
mide brought about a restriction in the capacity of invasive bacteria 
to multiply within the body and, in addition, probalJy rendered the 
surviving bacteria more susceptible to destruction by the phagocytes 
of the host. 

Marshall and his co-workers" brought out the fact that sulfanilamide 
administered to animals and man becomes distributed with remarkable 
uniformity throughout the l)ody fluids and the ti.ssues bathed by these 
fluids. It thus appeared probalfle that the administration of snifanila- 
inide eonlributes toward producing a generalized elevation in the ba'e- 
terioslatic capacity of all of the intra- and extracellular fluids of the 
body. However, Colebrook himself pointed out that the demonstration 

•Part II will appear hi a subsequent issue. 
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of tlie production by sulfonamides of hactevioslasis in vivo was not alone 
enough to constitute an explanation of the mode of action of the drug 
in terms capable of being put to practical use in the further develop- 
ment of chemotherapy. It was quite essential to determine precisely 
how the sulfonamides bring about their interference with the eustomarj' 
growth activity of invasive bacteria. The first step in the development 
of present concepts of the mode of action of the sulfonamides was 
through the accumulation of data concerning the factors which tend 
to increase or diminish the magnitude of the effect of the drug in vitro 
and in vivo. The present review will show that the evidence so obtained 
pointed to the fact that the action of the sulfonamides w’as probably to 
disturb the operation of an cnz.vme system upon which the continua- 
tion of bacterial multiplication depends. It was then possible for stu- 
dents of the chemistry of bacterial metabolism to approach identifica- 
tion of the particular enzjmie system involved. 


FACTORS CONDITIONUVG THE MAGNITUDE OF THE DRUG EFFECT 


1. Ratio Between Concentration of Drug and Ahimher of Bacteria . — 
Colebrook® noted that "the growth of small inocula of streptococci in 
culture medium is inhibited by minute quantities of the sulfanilamide, 
but wit!) large inocula there is no effect, even Avith a concentrated solu- 
tion. ’ ’ The importance of the concentration of the drug is obvious and 
requires little elaboration, klost of the e.xperimental data bearing on 
this point suggest that the production of bacteriostasis depends upon 
the existence of a quantitative relationship betAveen the molecular con- 
centration of sulfonamide on the one hand, and the number of bacteria 


on the other, provided, of course, that the eompositioii of the medium, 
the temperature, and the age and strain of the culture are controlled. 
HoAvever, the molecular concentration obtainable Avith any given drug 
is limited by its solubility; Avhereas, the number of bacteria and the 
other factors are subject to Avide Amriation. No agreement has developed 
among investigators as to the quantitative aspects of the drug-bacteria 
ratio because, Avith feAv exceptions, no tiAm individuals have emplojmd 


identical conditions for studies in A’itro. It is of practical importance 
to recognize, hoAvever, that altering the concentration of the drug induces 
variations of far less magnitude than altering the composition of the 
medium or the temperature of incubation. Complete failure of thera- 
utic response in an infection seems less often to be due to inadequate 
tration of drug than to an unfaA’orable adjustment of other con- 
conce ‘ rliMm-resistant species, or substances in the inflammatory 
i’ «rn,dd tend to antagonize the effect of any concentration ot 
"S, “"u be obtained.” 

Properties of the dfedium.— In 1938 Lockwood^ called 
^ ■ the fact that the inhibitory effect of sulfanilamide on the 

attention to m streptococci in human serum Avas largely removed 
groAvth of hemo y amounts of commercial peptone, 

by the addition to tne sm 
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Since only the virulent variants of the strains of streptococci which 
were used showed a capacity to grow in peptone-free human serum, it 
was suggested that the effect of sulfanilamide might be to prevent 
operation of an enzyme system necessary to bacteria in splitting or in 
utilizing the protein substrate. This effect might he of critical impor- 
tance in a medium such as peptone-free seram, wherein the sources of 
nitrogen are chiefly in the form of undegraded protein. Once the bac- 
teria ceased multiplying they underwent disintegration and autolysis. 
The lethal action of the drug upon bacteria was therefore believed to 
be not a phenomenon of active sterilization, but a subtle interference 
with an integral nutritive process, leading to death of the cells by 
“starvation.” The addition of peptone offered the bacteria an alterna- 
tive source of nitrogen, permitting their escape from the bacteriostatic 
action of the drug. In an effort to account for the failure of concen- 
trated solutions of sulfanilamide to destroy large inocula of strepto- 
cocci in serum, the author observed that “the death and dissolution of 
some of the organisms may provide the more resistant survivors with 
split-products of bacterial proteins which they may utilize instead of 
serum protein.” Although many investigators have confirmed the ob- 
servation that the bacteriostatic action of sulfanilamide is limited by 
the presence in the medium of products of the enzjunatic degradation 
of protein,®’ ® a good deal of doubt has been cast on the validity of the 
hypothesis which Loclcwood advanced, particularly as it related drug 
action specifically to the protein-splitting activity of bacteria. Fuller, 
Colebrook, and ^laxted'” were unable by direct methods to detect any 
effect of sulfanilamide on the weak proteolytic activity of hemolytic 
streptococci. They also noted that sulfanilamide was active in their 
peptone-containing medium, and that the addition of serum, which 
afforded better conditions for streptococcal growth, interfered with the 
drug effect, iileanwhile, White and Parker^^ published evidence that 
the bacteriostatic action of sulfanilamide on streptococci was greatly 
enhanced if the temperature was raised above the optimum for the cul- 
ture, and that small inocula of streptococci would die out in sulfona- 
mide-containing media at 39°, whether they contained peptone or not. 
Gay, Clark, Street, and ililes*® and Weld and MitchelP® advanced the 
view that environmental factors favorable to the bacteria would limit 
sulfonamide baeteriostasis, and that maximal drug effects are obtainable 
only in deficient media. According to this concept, peptone interferes 
with sulfanilamide in a serum medium only by ‘‘stimulating'' the 
growth of the streptococci (or other species), and the mutually antag- 
onistic effects of sulfanilamide and peptone are nonspecific, instead of 
specific, as suggested by Lockwood. However, since other substances 
which accelerate the growth of streptococci in serum, such as dextrose ®'' 
and aeid-hydrolyzed peptone” fail to antagonize sulfonamide baeterio- 
stasis, and since cultures which have ceased multiplying in sulfanila- 
mide-containing media may be returned to growth activity by tlie addi 
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tion oi' peptone/ tliere remains the definite probability that commercial 
peptone, or one of its components, is a specific inhibitor of sulfanila- 
mide action in biologic fluids. 

In any event, experimental evidence as indirect as that reviewed up 
to this point could at most be only suggestive of the nature of the 
mechanism of the action of the sulfonamides and may not be employed 
as final proof of any hypothesis. The emphasis upon the nutritional 
environment of the bacteria in relation to their susceptibility to sul- 
fonamide action had the effect of stimulating further work along simi- 
lar lines. 


Stainp’“ applied himself to a search for other substances in bacteria 
which would act like peptone in antagonizing sulfanilamide. He ob- 
tained from streptococci an extract which did possess this property and 
was about one hundred times as active as peptone. At about the same 
time, Fleming^® was able to show that killed bacteria added to a sul- 
fanilamide-containing culture interfered seriously with the action of the 
drug. Green" obtained an extract from Brucella abortus which dis- 
played nonspecific growtli-stimulating and sulfonamide-inhibiting prop- 
erties. Woods^® made an important advance by tentatively identifying 
p-aminobenzoic acid as the highly active sulfonamide-inhibiting sub- 
stance in an extract of yeast. Concentrations of para-aminobenzoic acid 
of the order of 1 :10,000,000 reduced the bacteriostatic effectiveness of 
1 :10,000 concentrations of sulfanilamide. At the same time Selbie" 
proved that sulfanilamide lost its capacity to protect mice against e.x- 
perimental hemoljdic streptococcic infection when p-aminobenzoic acid 
was administered to the animals along with the drug, thereby establish- 
ing, in vivo, the validity of Woods’ observations in vitro. Similar con- 
firmation has been reported b 3 '^ jMcCarty,'® who finds that para-amino- 
benzoic acid inhibits the protective action of sulfapyridine on pneumo- 
eoccic infection in mice. ALcCarty noted also that p-aminobenzoic acid 
had no effect on the acute toxicity of sulfapyridine for mice. Similar 
observations have been reported on human subjects by Strauss and 


Finland.-” 

The fact that p-aminobenzoic acid is a simple organic compound 
basically similar to sulfanilamide itself made it possible for Woods to 
advance an attractive hypotliesis of the mode of action of sulfonamides. 
This hj'potli®®'® postulates that p-aminobenzoic acid is an “intermedi- 
arv metabolite” of essential importance in the process of bacterial cell 
V dsion Since p-aminobenzoic acid is not one of the primary growth 
or substances which must be added to .synthetic media in order 
r^’terial "rowth to occur, it is assumed that many species of organ- 
ior oae e . ° nrenare tlicir own p-aminobenzoic acid from oOier 

isms must be 

materials. ( attempts to prove tin's iiavu iieen uii.successfiil.) 

p-aminobenzoic ’ acid to play its essential role in bacterial 

In order for 1 1 ^^, ^ specific enzyme of the cell, and 

metabolism it must be actea e . 
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moleenles of sulfanilamide resemble molecules of p-aminobenzoic acid so 
closely that the two substances compete for position on these enzymes. 
If all of the positions are gained by molecules of sulfanilamide, wliieh 
are of no nutritive value to the cell, then the utilization of p-amino- 
benzoic acid is blocked, and the cell ceases to multiply. Since the 
affinity of sulfanilamide for position on the enzyme is less than the 
affinity of p-aminobenzoic acid, complete blockade occurs only when the 
numerical ratio is strongly weighted in favor of the former ; for exam- 
ple, in the case of cultures of hemolytic streptococcus there must be 
more than a thousand molecules of sulfanilamide for each molecule of 
p-aminobenzoie acid in order for bacteriostasis to occur. "Woods esti- 
mates that sulfapyridine is approximatelj^ five times as effective as sul- 
fanilamide in competing with p-aminobenzoie acid. Pildes,-^ writing- 
in support of this hypothesis, makes the following statement : 

“On this view, the ‘sensitivity’ of a microbe to sulfanilamide woidd 
depend at least in part upon whether it could synthesize p-amino- 
benzoic acid readily or not. An organism whose synthetic powers were 
poor would be more sensitive than one with greater power. Similarly, 
a large number of bacteria would be less affected by a certain concen- 
tration of sulfanilamide than a small niunber. Inhibition or not would 
become a question of the proportion of sulfanilamide to p-amino- 
benzoic acid affecting the enzymes of each cell.” 

Woods’^® explanation is especiall.v attractive because in addition to 
accounting for variations in the magnitude of bacteriostasis with changes 
in the drug-bacteria ratio, it offers a basis for interpreting differences 
in specificity of the various sulfonamides. It is possible that the attach- 
ment of pyridine as a prosthetic group to sulfanilamide raises the affin- 
ity of the drug for the “p-aminobenzoic acid enzj-me’’* in the pneumo- 
coccus, and similarly the addition of thiazole increases the specificity 
for the staphylococcus. 

There is no published evidence that the sulfonamide-inhibiting prop- 
erties of commercial peptone and of tissue digests are due to the fact 
that they contain p-aminobenzoic acid in some conjugated form. The 
explanation of the close similarity in properties of these substances 
awaits further study. 

The studies reviewed up to this point have dealt with the effects of 
sulfanilamide upon bacterial multiplication, and except for the plausible 
inferences which may be drawn from the work of Woods on p-amino- 
henzoie acid, there is little which can be used in arriving at a precise 
chemical definition of the reaction between sulfonamide and bacterium. 
This review would not he complete without mention of a number of 
interesting ob.servations which relate sulfonamide action to specific 
metabolic functions of bacterial cells. 


'This U>rni i.-> oniployeil in only n fltrnnitive s.»n!=e. pending the udvanconiont 
Ulrect proof of the existence of such an enzyme. ntnt of more 
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^ Tziij Peroxide-Cataease Theory op MEELON.—Mellon,-" in asso- 
ciation with sevei-al eolleagues, has conducted and published a large 
number ol observations on the action of the sulfonamides as inhibitors 
of the enzyme catalase. This enzyme is present in abundance in blood 
cells, exudates, and certain bacteria, and has the property of splitting 
hydrogen peroxide, liberating molecular oxygen, and therefore prevent- 
ing the aecumnlation of peroxide to levels high enough to be toxie to 
baeteiua. Sulfanilamide itself is not strongly antagonistic to catalase, 
but Mellon believes that certain oxidation products of the drug, includ- 
ing p-hydroxylaraino-benzene-salfonaniide, are formed in the body, and 
he has shown that these substances do tend to inactivate catalase in 
vitro. According to Mellon's hypothesis, it is the accumulation of 
peroxide in bacterial cells, brought about by sulfonamide inhibition of 
catalase, which is responsible for bacteriostasis in vivo. Since hydrogen 
peroxide is not formed under conditions of strict anaerobiosis, it is a 
eoi’ollary of this theory that the operation of sulfonamide bacteriostasis 
requires aei-obie conditions. 

Pox, German, and Janeway“ and Warren, Street, and Stokinger"^ 
published experiments whieli suggested that sulfonamides might poise 
the Eh of bacterial cultures at a level unfavorable to bacterial multi- 
plication. However, the “poising” effects which they noted were quite 
possibly the result rather than the cause of bacteriostasis. Macheod'^^ 
obtained sulfapyridine-suseeptible and sulfapyridine-resistant variants 
of the same strain of pneumococcus, and noted that H 2 O 2 accumulated 
in cultures of the former and not in the latter, thus giving some sup- 
port to the Mellon hypothesis as it relates to the pneumococcus. Mac- 
Leod observed also that the acquisition of sulfapyridine-fastness was 
associated with a marked 3os.s of dehydrogenase activity for glycerol, 
lactate, and pyruvate, but not for glucose. Exposure of a sulfapyridine- 
sensitive strain to the drug caused suppression of the same enzymes. 


Fuller and Maxted"® questioned the validity of the peroxide-catalase 
theory on the ground that Type 3 strains of hemolytic streptococci, 
which produce no detectable peroxide in their cultures, are quite sus- 


ceptible to sulfanilamide. Also, it is difficult to understand how this 
theory can be reconciled with the known susceptibility to sulfonamides 
under certain conditions of species as resistant to peroxide as the 
staphylococcus and the Bacillus cali.-'^ If there existed some direct 
evidence (1) that the sulfonamides are active only in oxidized form, 
121 that peroxide accumulation on or within bacterial cells actually 
Les occur in spite of the large amount of catalase in body tissues, (3) 
Kar.tpriostasis takes place only under aerobic conditions conducive 
r v^x-ide accumulation, and (4) that the inhibition of sulfonamide 
ominobenzoie acid can be plausibly related to this hypotlie- 
action possible to accept the peroxidc-eah!)a.se theory a.s 

sis, then it i interesting and .sugge.S’tivc speeuiation. In 

something more he has broadened his hypothesis !i.s follotv.v: 

Mellon’s most recen P enzymes are adversely affected by the 

-In addition to catalase, otliei i 
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intermediate oxidation, products of the sulfonamide compounds. As 
known so far, they are peroxydase, certain dehydrogenases, and nitra- 
tase. The nutrition of the bacteria is thus seriouslj' affected, and bac- 
teriostasis results.” 

Effect op Sulfonamides on Cell Respiration. — Neither Barron 
and Jacobs-® nor Chu and Hastings®® were able to show any significant 
effects by low concentrations of sulfanilamide on the oxygen consump- 
tion of the heavy saline suspensions of resting bacteria %vhich thej*^ 
employed in the “Warburg apparatus. Kempner, Wise and Schlayer®^ 
were able to demonstrate marked suppression of the respiratoiy activity 
of growing cultures of Br. 7nelitensis by 5 mg. per cent concentrations 
of most of the chemotherapeutically active sulfonamides. These work- 
ers showed, however, that the decreased O 2 consumption was a result of 
baeteriostasis and failed to note any specific action bj’- sulfanilamide 
on the respiratoiy enzymes of Br. melitensis. West and Coburn®® stud- 
ied the effect of sulfapyridine on the synthesis of cozymase by staphylo- 
coccus from nicotinic acid in a basal medium deficient in cozymase. 
Cozymase contains nicotinic acid. When coupled with protein it forms 
the dehydrogenases — the enzymes concerned with oxidation or energy 
transfer in cell metabolism. The staphylococcus requires added nicotinic 
acid in order to synthesize cozymase but grows well if preformed 
eozymase is provided. When sulfapyridine and nicotinic acid are both 
added to the medium, growth does not occur, which suggests that the 
sulfonamide may compete with nicotinic acid for position in the co- 
enzyrae molecule. However, if preformed eozjmiase is present, sul- 
fapyridine has no bacteriostatic effect in this system. Similarly, Dorf- 
man, Rice, ICoser, and Saunders®® have shoivn that sulfapyridine in- 
hibits the stimulation of respiration of dysentery bacilli by nicotinamide. 
These observations are of especial interest for two reasons: (1) they 
offer support to the general hypothesis that the sulfonamides act as 
competitive inhibitors of certain essential enzjmie systems, and (2) 
they show that a competitive relationship exists between sulfapyridine 
and a component of the vitamin B complex of related chemical struc- 
ture, and known to be essential in the metabolism not only of bacteria 
but of animals as well. That reactions of this tjqie may account for 
some of the deleterious effects of sulfonamides on the host is su""ested 
in a recent report of West,®" indicating that the administration^of sul- 
fapyridine will inhibit the curative action of nicotinic acid (but not of 
ooenzymes) on black tongue in dogs. The specific competition between 
sulfapyridine and nicotinic acid is probably due to the fact that both 
agents contain the pyridine nucleus. In spite of the suggestive'nature 
of tlicsc studies there is as yet no evidence that the administration to 
patients of nicotinic acid or thiamin will interfere with the 
pentie action of the sulfonamides. ^ 
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iNnmrfiON or toxin formation 

Since many of the toxins or “agrcs.sins” of bacteria are probaWy 
enzymic in nature, it would not be surprising if the production or activ- 
ity of certain toxins might be impeded in the presence of sulfonamide. 

Levaditi' and Cai’penter and Barbour^^’ apparently succeeded in 
inactivating the endotoxin of the gonococcus in vitro with sulfanilamide 
and reported protection of mice with sulfanilamide against otherwise 
lethal injections of the toxins of staphylococcus, hemoij'tic strepto- 
eoecu.s, and Clostridium tvelchii. However, neither Bayliss®^ nor Bigdon 
and Freeman^® were able to confirm tlie work of Carpenter and Bar- 
hour on staphylococcal (oxins. The general opinion of authors who 
comment on tins subject is that .sulfonamides do not directly inactivate 
preformed cxotoxius such as streptococcal liemoiysin, hut tend to limit 
their production througii hacteriostasis.^” However, the subject cannot 
he closed in the face of evidence as suggestive as that of Carpenter and 
Barboui' and of Levaditi, and further work is needed along this line. 
There would appear to he an open possibility that the sulfonamides 
may effect unstable combinations with certain toxic bacterial proteins, 
or endotoxins, and thereby modify their action upon the physiology 
of the animal. 


INFLUENCE OF SULFONAMIDES ON THE PATHOLOGIC SEQUENCE OF 
ACUTE INFECTION 


Regardless of the meciiauism of the action of sulfonamides on bac- 
terial metabolism, the end result in vivo appears to be the production 
of bacteriostatic conditions in the zone of infection, and the protection 
of uninvolved tissues against bacterial invasion. The evidence for this 
has been reviewed in considerable detail by Long and Bliss.^‘' That 
host factors are of great importance in complementing sulfonamide 
effects in vivo has been demonstrated by numerous investigators, par- 
ticularly Gay.^® Bacteria whicli suffer from restricted reproduetivity 
and toxin production are quite naturally more susceptible to ingestion 
and destruction by tissue phagocytes than bacteria endowed with full 


parasitic invasiveness. 

An interesting description of the influence of sulfonamide on the 
course of invasive infection has been presented by W. B. Wood. Jr.,'" 
based upon serial observations of changes in the pathologic picture of 
experimental pneumoeoccic pneumonia in the rat: “During the first 
IS liours the drug bad little effect upon the advancing pneumonia. 
011 1 rder of the lesion remained irregular and Jiemorrliagie, and the 

in the edema-filled alveoli at the margin indicated 
stai n.|.i<w,-. 

tiint the m evident lluU [In; .siijljipj-ridi/ic 

“At f effect. E.xamination of the pncumocacei hi 
was beginning o ^ striking change in tlieir morphology; many 
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were swollen, pleomorphic, and irregularly stained, and a few had 
grown in short chains. Forty-two hours after the start of 
The edema zone had disappeared completely, the pneumoeocei at e 
Ir'in havhm been overtaken by leukocytes. . . . Orgamsms co^d 

stiu\e seen within phagocytic cells after 66 houi^ "irexurte and 
by this time macrophages were numerous m the alveolai exi d 
anneared to be taking an active part in destroying the bacteria. On 
r fourth day no pneumococci could be found in the stained sec ions, 
and after one week there was extensive resolution with only maerophages 
remaining in the rapidly clearing alveoli.” _ 

There is evidence that the presence of -inhibitor substances in the 
zone of infection will restrict the chemotherapeutic effectiveness of 
sulfonamides just as it limits bacteriostasis in vitim The observations 
of Selbie« and hlcCarty^ on p-aminobenzoic acid are diiectlj * 
firmatorv of this phenomenon. It has been suggested as a general 
principle that the resistance to therapy of localized abscesses and 
necrotizing infections is due in large part 
released by the enzymatic degradation of tissue. i 

o£ ininbitor substances in a number ot organs and e.^ad.tcs 

partieuisW those «i.oscd^ XtZ’ StU « « 

iettve sttHonamide inhibitor suggests that caution should 
be cXloyed in administering this anestheue to patents uHh active 
infe“ion who arc being treated with snUonamidcs.- Lockwood ‘ has 
»Sv nrepared a discussion o£ the application of theoretical con- 
sSemLS rCardiiig the action o£ siillonamides to practical problems 
S. IntLl th'erapensis. It is suggested that the tlierapente result m 
a “eT, ease ot established or tln-eatened inieetion will depend upon 
the adiustment of three principal variables; namelj, the concentiation 
of sulfonamide maintained in the immediate environment of the bac- 
ti-ia, the mobilization of the cellular defense (which of course vanes 
in different tissues), and the concentration of sulfonamide inhibitor 
substances In diffuse invasive infectious the adjustment of these faetois 
favors effective drug action; in localized or necrotizing infections, sul- 
fonamide therapy will tend to he ineffectual, neeessitatmg surgical 
intervention. For a iiartieularly interesting discussion along this line 
the reader is referred to an article by Fleming. 

The hi'dily selective action of sulfonamides on bacterial metabolism 
is evidenced' by these two remarkable facts: 

1. Concentrations of sulfonamide in the tissues as low as 1 mg. per 
cent or 1 :100,000 will produce demonstrable chemotherapeutic effects. 

‘2. Coneeutrations up to the saturation level, 200 to 1500 mg. per cent, 
will produce little, if any, demonstrable local injury to host cells, 
except perhaps through the action as a foreign body of uudissolved 
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di-iig. EJirlicli himself could scarcely have foreseen the development 
of drugs witli chemotherapeutic indices as high as these! 

Successful chemotherapy in bacterial infections has come about by 
methods of trial and error, through which we have come to abandon 
the concept of “therapia sterilisans magna” as the keystone of chemo- 
therapy. 'We are now provided, instead, with substances which can 
permeate all of the cells and fluids of the body and render them un- 
suitable as culture media for many bacterial parasites. Since the sul- 
fonamides are usually not injurious to the host cells, there is no inter- 
ference with the natural cellular mechanisms of phagocytosis and tissue 
repair. These are the properties of the sulfonamides which explain 
and justify their ever-increasing use in surgery. 
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Review of Recent Meetings 


EEPORT OP THE ifEETING OP THE AMERICAN 
ASSOCIATION FOR THE STUDY OP GOITER 


Howard Mahorner, M.D.,'* New Orleans, La., and 
Francis II ’Doubler, M.D., Springfield, SIo, 


T he annual maetiiig; of the Antoviean Association for the Studj' of Goiter Tvas 
held in Boston Alay 12, 13, and 14, 1941. The meeting was opened by ?. E, 
Kogers, of Denver, Colo., the President. There were a number of important papers, 
and frequently during the session the discussions were interesting and prolonged 
time, showing extreme variability of opinion regarding (lehs.ta.hle points. 


The first paper was by J. L. OeCourcy, of Cincinnati, Ohio, on the impor- 
tance of maintaining a normal basal metabolic rate folloiving thyroidectomy. He 
felt tliat the problem of preventing recurrence of toxic goiter began at the time of 
the operation. He was inclined to remove too mucli rather than too little of the 
tlij-roid tissue. Almost immediately postoperatively he began giving the patient 
thyroid extract. This was not only to prevent symptoms of myxedemvx hut also to 
prevent thyroid hypertrophy, which is more apt to occur if the administration, of 
thyroid extract is omitted. The amount of thyroid extract given was % gr. daily 
for approximately three months. He lepeated the basal metabolic rate determina- 
tion at intervals for several years in order to reebeeje the possibility of hyper- 
trophy of the gland. 

Por diffuse nonto.xic goiter he advised giving desiccated thyroid in increasing 
doses. This reduces the size of the thyroid and prevents occurrence of to.vic symp- 
toms He has given thyroid extract to three toxic cases. Improvement followed 
immediately. He has given as much as 0 gr. of thyroid e.xtraet daily to these p.i- 


tients. 

In di.scussiag this, Blair Mosser. Kano, Pa., said that at the University Ho.-pital 
in Philadelphia they had given thyroid extract to several patients with goiter. One 
death resulted whieli stopped their clinio.al e.xperiments. 

Emil Goetsch, BrooWyn, N. Y., studied cases at the Long Island LVdlegc 
1 m-dar to show- tlie relationship of parenchymatous liyportrophy and 

developed Sie 

the thyroid and^ and produced local inflammatory clianges in the thyroid 

plasia acted as a oo ehildren 

gland that went showed areas of lymphocytic infiltration in the 

under the age children. In older patient-s, ho found inrtamiuatory 

glands lemeyed Don hyperplasia, in the areas that did not have any 

fibrosis aasomated wu i «viden«e of fibrosis. 

•' 
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John de J. Pemherton, Rochester, Minn., and Allen Graham, Cleveland, Ohio, 
dissented from the idea that true Riedel’s struma rvas the ultimate result of 
hyperplasia in hyperthyroidism. 

J. lierman, Boston, Mass., gave some further observation of this pituitary 
tjTie of myxedema. Attention to this tj'pe of myxedema was aroused by a patient 
who apparently had myxedema but who on the administration of thyroid extract 
went into coma. He cited another patient who on several occasions had had 
coma following respiratory infection. The patieirt had some evidence of 
myxedema, but there were atrophic breasts, amenorrhea, and loss of libido, hypo- 
chromic amenia, and a very low basal metabolic rate of minus 40 to minus 52. 
The cholesterol rvas lorv, 112 mg. per cent. The administration of thyroid extract 
in this case resulted in hypoglycemia. Salt elimination resembled Addison’s 
disease. There was a low blood sodium and chloride. The case was in reality 
a type of panhypopituitarism. In the treatment the indications were for a high 
salt diet and gonadogen. The administration of pituitary extract did not prove 
satisfactory. In mj'^xedema of pituitary origin the blood cholesterol is low or 
normal. The administration of thyroid e.xtraet in tliese instance.? may produce 
an adrenocortical failure. 


In the discussion J. H. Means, Boston, asserted that the problem was in reality 
one of “when is myxedema not myxedema?” The answer is: “When it is a kind 
of ‘Simmond’s disease.’ ” He stated that if thyroid extract does not help myx- 
edema, it is probably mjxederaa of the pituitary type. 

D. Henry Poet, of Atlanta, Ga., discussed his experience with the treatment of 
parathyroid tetany with dihydrotaehysterol and vitamin H,. Dihydrotachysterol 
was discovered when hyperirradiated viosterol finally resulted in a product in 
which vitamin factor is destroyed and the calcium-controlling factor highly in- 
creased. It was obvious that it was the very thing necessary for the treatment 
of tetany. Poor had treated 12 eases of tetanj-. In certain of these the condition 
w-as mild and the oral administration of calcium controlled the sj-mptoms (3 cases). 
Six patients were treated with calcium and dihydrotachysterol. They remained 
symptom free under this therapy. Trvo cases were treated with calcium and 
vitamin D,. They remained symptom free under this therapy. In the acute 
case.s the administration of calcium and vitamin I) and parathormone is indicated, 
but in chronic ca.ses the symptoms can be controlled with dihydrotachysterol or 
with calcium and vitamin D,. 


H. B. Priedgood, Boston, discussed experimental exophthalmos and its physi- 
ologic and clinical significance. He recalled the work of Sliockaert who produced 
exophthalmos in ducks by repeated injection of anterior pituitary extract and 
his own subsequent oxperinient.s in producing exophthalmos in guinea pigs by the 
same method. He believes tliat the exophtlialmos factor is different from thyro- 
tropic hormone, becau.se after a period of time the hyperplasia of the thyroid 
gland resulting from anterior pituitary extract subside.s and yet tlie exophthalmos 
liecomcs more pronounced as tiie injections are continued. Probably tlie host de- 
velops an antibody to tlie tliyrotropie hormone but not to the exoplithaimos-producin«- 
liormoiio. The exact camse of tiie exophthalmos is not explained, i)ut experiment.aUv 
as well as clinically there i.s edema of the orl)ital tissues and muscles. 


A. 0 Davis of Rochester, M.nn.. read a paper on the diagnostic significance 
„1 par.ilNsis of the voc.d cords m diseases of the thyroid gland. His the.sis con- 
cerned only cases that had paralysis of one or both voc-.vl cords both before and 
after op. .v mu. fa (...ol cases of mloiiomntoim goiter the inci.lcnco of paralysis 
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before utol after operation was OA por eeat. la 6,453 cases of exoplithalmie goiter 
1 10 incidence of paralysis was 0.06 per cent. He studied 210 cases of carcinoma of 
the thyroid of whicli 163 liad sutBcient data to include in the report. In 14.7 per 
cent of these there was a paralysis of the vocal cord both before and after operation. 
He concluded that finding paralysis of tlie vocai cord is a distinct aid in the dj.ig- 
nosis of malignancy. However, paralysis is more likely to occur in eases in which 
the malignancy is a diffused type, when the diagnosis can be made fairly accurately 
without paralysis. In 57 cases of thyroiditis there was no paralysis of the cord; 
thus in the instance of a hard gland in which there may be some doubt as to whether 
the cause is malignancy or inflammation, paralysis of a vocal cord is in favor 
of malignancy. 

In discussing this paper, Bichard Cattell, Boston, said that the incidence of 
postoperative paralysis at the Lahey Clinic had been reduced to one-third of its 
previous 1 to 3 per cent level by routine exposure of the recurrent laryngeal 
nerve. John de J. Pemberton reported a case of bilateral cord paralysis observed 
preoperatively. Hemoval of the thyroid gland resulted in restitution of function 
of the nerves. 

B. S. Dinsmore, of Cleveland, Ohio, called attention to the familial factor 
in exophthalmic goiter in children. He studied 124 cases occurring in children 
and 14, or 11 per cent, showed a definite familial history. It is true that the 
larger number of exophthalmic goiter cases develop spontaneously, but the fact 
that a familial history can be elicited in a large number of cases should indicate 
the possible etiologic significance of this factor. He reported a child whose 
mother and grandmother both had exophthalmic goiters. 

John Pemherton cited his observation of the occurrence of exophthalmic goiter 
in identical twins. 

Willard Bartlett, Jr., of St. Louis, Mo., reported his studies on the acid-base 
balance in thyroid disease. In a large number of cases he had studied carbon- 
dioxide combining power of plasma. These determinations were made on ad- 
mission, in the preoperative stage, and at the time of discharge on patients who 
had thyroidectomy for Graves^ disease. Hone of the values were outside the 
normal range, but more toxic patients have a lower initial carbon-dioxide com- 
bining power, and after e.xertion carbon-dioxide volume per cent falls in the 
hyperthyroid patient but not in the normal individual. In studying patients on 
constant diets, he found that the total titrable acidity of the urine excreted in 
twenty-four hours diminished in the preoperative period of preparation from four 
to seven times; i.e., as the patient improved. There was evidence of acidosis in 
hyperthyroidism. The acids are ketone acids and his laboratory has found increases 
of ketone acids in the blood. He believes that fluids are retained in exophtlialmic 
goiter patients. There is a negative fluid balance. 

J K. McGregor, Hamilton, Ontario, discussed thyroid crisis. Ho had observed 
recently 2 cases occurring spontaneously in a preoperativo .stage. Both tlio pa- 
tients had very intense hyperthyroid reactions and 1 died eight iiours after ad- 

• n * The other recovered after remaining in coma for ten day.s. He wrote to 
rff^^°nt members of the society and asked their opinions regarding the occurrence 
V Titive thyroid crisis. He was surpri.sed to find that it was apparently 

of pieope a ’,(^111 areas than others and that it was not uncommon in New 

more , thyroid crisis as an overwhelming di.sturb.anco of heat-regii- 

Orleans. He j^jgnjlfications of liypertliyroid symptom.^. Ho outlined a treat- 
lating center ' as intravenous admim.stration of dextrose, oxygen 

joent including such measures 
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Sion concerning tlus subject. P P gi^vers, Colorado Springs, Colo., 

Toronto, wmard Bartiet Tr "tn^Ho’wa^d Mabomer. New Orleans. Willard 
Martin Tinker. ^ „ot tbe only aberrant part of 

cases and the difficulty of handling crisis once it has begu . 

..nA a naner on the clinical relationship be- 
D. M. Clute. of Boston, Mass., read P P^^ 233 

tween iodine feeding and the opera i jodine before coming for 

exophthalmic goiter. Forty-seven per «®“ t perform one-stage 

„d 8. p« .... ..4 "" toAdto ..a .. S7 

thyroidectomy on only 60 per ce ^^f coming for surgery. He 

per cent of the patients w o administration of iodine and that 

indicated that operation was s medical treatment of goiter was 

the administration of iodine promiscuously in the medic 

no favor to the paUent. demonstration 

The second morning of the m g observers visited the surgeons at the 

at the various hospdals in the J- England Baptist Hospitals, 

Lahey Clinic, at the New England^De^^^^.^^ performed by Prank Hahey, Eichard 
seeing there a surgeons demonstrated exposure of the xecur- 

CatteU, and Herbert accomplished with facility and without loss of 

a iha. presidential address. He reviewed the development and 
r. E. Eogers rea times the Chinese chewed seaweed as a treatment 

treatment of goiter. „^ter was published in 1556 by Thomas Wliarton. 

,o, Th. «... ““5*f '“f,| CoMet, .« G...... «... 

In 1791 Desault P®. Billroth in 1877 leported the mjeetion ol iodine 

used iodine for goi er 29 out of 35 cases were cured by tliis 

directly into performed thyroidectomy 20 times for goiter, 

method. At tl ggp^ig. i„ 18S0 Sandstrom discovered the para- 

Eight of these p ^ „as not defined until 1891 by Gley. Murray, of 

thyroid g ^ ^ thyroid extract to cure myxedema in 1S91. In 1893 Fredrick - 
England, firs - iaereased metabolism or gaseous exchange in hypertlij-roidism. 
Mueller disco metabolism for diagnosis for tliyroidism, however, did 

The ^ 1917. In 19U Kendall isolated thyroxin and in 

Toorwnmber reported the use of iodine preoperatively and more or less standardized 
VLn preoperative preparation for thyroidectomy. Numerous other interesting 
“ wore brought out in Roger’s paper including some of the more modem 
ideas of the management of goiter. 

■V E. chesky, Hal.stcd, Kan., discussed the incidence of liver damage in thyroid 
^ I,, 3 Q 9 consecutive goiter cases at the Hertzler Clinic liver function 

'i ^'s h'lie tieen done. The hippuric acid test was used and in nontoxic nodular 
.'oiter 100 per cent of the cases had a normal liver function; whereas, in the 
Toxic nodnlnr goiter only 67 per cent had normal liver function and 12 per cent 
h-id severe liver damnge. In diltuse colloid goiter 72 per cent had normal liver 
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JuHotion and 8 per cent liad severe liver damage, and in hyperplastic goiter only 
‘i3 per cent had normal liver function jind in 41 per cent the liver damage was 
found to be sovoie. He felt that it was possible to increase liver function pre- 
oporatively. Some of the measures used for the improvement of liver function 
for the administration of liver concentrate, vitamin B complex, glycine (6 Gm. 
a day), and dextrose. 


A paper by S. Hertz, E. Williatas, and J. H. JVTeans, of Boston, on Graves' 
disease with dissociation of oculopathy and thyrotoxicosis, was read by R. WUliams. 
In twenty years at the hlassachusefts General Hospital they found the records of 80 
patients ivith marked c.vophthaiinos, pajiilledema, lid retraction, and failure of 
extraocular movements. In the group of patients they discussed the basal metabolic 
rate was usually low. Thirty-nine of the patients had not heeii operated upon. Tliey 
felt that the result a.s far us the eye iras concerned was worse in the operated group. 
Their explanation was that the thyroid activity antagonizes the pituitary output of 
thyrotropic hormone ivhich they believed is a factor in exophthalmos. They think 
removal of tlie tlij-roid gland results in further increase in the output of thyrotropic 
hormone. They experimented on rats. Thyroidectomy increa.“ed the body w'ater 
from 66 to TO per cent and the administration of thyrotropic hormone made still 
furtlier changes in bodj- fluids. They reeoniniended the administration of tlo'roid 
e.xtraot and the avoidance of operation in such cases if possible. 


This paper was diseus.<ed by a number of thyroid surgeons of iargo experience. 
In general they did not agree that operation should be witiiiield in tliese cases. 
A, L. Lockwood, Toronto, said he believed the best treatment for an exophthalmos 
due to exophthnimie goiter was early thyroidectomy and that it did not seem adris- 
able to withhold the benefit of thyroidectomy from patients with hyperthyroidism 
for fear the exophthalmos would get worse. 


On Tuesday evening the Association held its annual dinner. E. H. Rogers 
served as toastmaster. T. C. Davison, Atlanta, Ga., pre.sented a ilemoriai Gavel 
to the Association, a gavel made from wood taken from a dogwood tree on the 
farm of Crawford Long. 


Frank Lahey traced the development of thyroid surgery from an iinpre- 
teutious beginning to it.s present extensive importance. Reductioji in mortality 
was ascribed to developments in operative technique, Imndling of complicatioiis, 
and anesthesia. In reviewing over 20,000 cases, Laliey discussed in turn aiiathetic 
hyperthyroidism, multiple-stage operations, thyroeardiae cases, and the relation 
of function of the liver to thyroid disease. He showed a nioving picture illustrat- 
ing the technique of removal of an intratboracic goiter too largo for intact de- 
livery. 


The Van Meter Prize was awarded to Asher Chapman, of the Mayo Clinic, for 
studies on Relationships of the Thyroid and Pituitary Glands to Iodine 
Metabolism, and Extta-Thyroidal Iodine Metabolism. 


'Dm first lionorable mention was given to L. A. Turley, I^li.D., and E. M. Richter, 
of the University of Oklahoma, for their work on Eolation of Lympho- 

JiSis to Hyperthyroid States. 

t WonoraWo mention was awarded to Wm. L. MacKenzio King, of the 
The second honor. So-Called lateral Aberrant Thyroid 'fmnors. 

jayo Clinic, for his research on S 
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, T, 1 *• of the Thyroid and Pituitary Glands 

Asher Chapman discussed Relationships of yr tlivroidectomized, 

» looine 

”L 

the urine of thyrordectonnzcd aninin thyroids of intact animais 

(weight, aeino, app.arauoe, and “.UL’, Sdy a-n. road. o. th. 

hypophysectomized animals, and absence of the pituitary gland. The 

to the stimulus of low iodine intake i proportion to that in 

response of hypophysectomized animals ^ 

intact animals, though starting from a different leve . 

, , ,r- ly, «.,rrical Treatment of Thyrotoxicosis as Belated 

T. O. Young, Buluth, although there is a decrease 

to Geriatrics, statistics shoni _^ undergoing thyroid 

in «‘y-^o^dectomies in enera thyrotoxieosis. Apathetie 

surgery and also in the a„ed Lguuent in the aged. The importance of 

hyperthyroidism is " „„„ip|,.s,o.o operotioos on fto ngod iras 

B (espeoinny BJ nod of onyg.o and modora.i.. 

in sedation were advocated. 

y • -11 TTn- ri, airman of the Defense Committee of the Ameri- 

Irvin Ahell, Louisville, ‘ remarks. He discussed the 

can Medical devlopments as regards deferring (from draft) 

TdTrsU:! and interns, pointing out that the production of doctors must not 

be bottlenecked. 

Til discussed non thyroid conditions causing low and 
J. H. Hutton. CMcag , ^ ted cases of patients with obesity taking 

high basal metabolic r iu pulse rate and with loss of weight. He also 

thyroid extract withou P patients with low basal rates. Patients 

disenssed t thyroid symptoms are probably not hi-pothyroid, 

IsneciaUy H they do not become better on thyroid medication. One must consider 
pituitary and adrenal deficiencies in this respect. 

T w Hendrick Amarillo, Tex., in Use and Abuse of Iodine in the Management 
ef rJuer reviewed 600 cases, of which 512 had received iodine treatment; the 
ot ixoiiei, therapy and had not been previously diag- 

remaining ease n the use of iodine during pregnancies in endemic 

nosed. m nontoxic goiters especially in school children. Results 

regions an que.stionnaire scut out to members of the Association were 

obtaine iodine. In mild h\-perthyroidism S8 per cent of 

swering prefer operation after lugolization. In mild recurrent cases 70 
those ^ ^.outrol with iodine; in treating nontoxic nodular goiter 99 per cent 

opposed to the use of iodine. In preparing toxic nodular goiters 79 per cent 
!iro in fa'or of using iodine. 

j de J. Pemberton, Rociicster, Minn., read a paper on Papillary Adeno- 
c.arcinoma of tbe Thyroid. There ate two schools of thought as to origin: (1) 
.sUmulation of inferior thyroid tissue rests; (2) metastases secondary to carcinoma 
of the thyroiil. Those patients in whom lateral cervical tumor was the main 
complaint were classed as having aberrant thyroid tissue irrespective of the 
thvroid gland. The second group comprised cases in which malignancy of the 
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function and 9 per cent Iind severe liver damage, and in hyperplastic goiter only 
43 per cent had normal liver function and in 41 per cent the liver damage was 
found to bo soveie. He felt that it was possible to increase liver function pre- 
operatively. Some of the measures used for the improvement of liver function 
for the administration of liver concentrate, vitamin B complex, glj'cine (6 Gm. 
a day), and dextrose. 


A paper by S. Hertz, R. Williams, and J. H. Means, of Boston, on Graves’ 
disease ivith dissociation of oculopathj- and thyrotoxicosis, was read by R. Williams. 
In twenty years at tlie Massachusetts General Hospital they found the records of 89 
patients with marked exophthalmos, papilledema, lid retraction, and failure of 
extraocular movements. In the group of patients they discussed the basal metabolic 
rate ivas usually low'. Thirty-nine of the patients had not been operated upon. They 
felt that the result as far as the eye w'as concerned w'as worse in the operated group. 
Their explanation was that the thyroid activity antagonizes the pituitaiy output of 
thyrotropic hormone which they believed is a factor in exophthalmos. They think 
removal of the thyroid gland results in further increase in the output of thyrotropic 
hormone. They e.xperimonted on rats. Thyroidectomy increased the body water 
from fl(i to 70 per cent and the administration of thyrotropic hormone made still 
further changes in body fluids. They recommended the administration of thyroid 
e.xtract and the avoidance of operation in such eases if possible. 


This paper was discussed by a number of thyroid surgeons of large experience. 
In general tliey did not agree that operation should be witliheld in these cases. 
A. Ii. Lockwood, Toronto, said he believed the best treatment for an exophthalmos 
due to exophthalmic goiter was early thyroidectomy and that it did not seem advis- 
able to withhold the beneflC of thyroidectomy' from patients W'ith hyperthyroidism 
for fear the exophthalmos W'ould get worse. 


On Tuesday evening the Association held its annual dinner. E. H. Rogers 
served as toastmaster. T. C. Davison, Atlanta, 6a,, pre.sented a Memorial Gavel 
to the Association, a gavel made from wood taken from a dogwood tree on the 
farm of Crawford Long. 


Prank Lahey traced the de\elopmeiit of thyroid surgery from an unpre- 
teutious beginning to its present extensive importance. Reduction in mortality 
W'as ascribed to developments in operative technique, handling of eomplieatious, 
and anesthesia. In reviewing over 20,000 cases, Lahey discussed in turn apathetic 
hyperthyroidism, multiple-stage operations, thyrocardinc case.s, and the relation 
of function of the liver to thyroid disease. Ho showed a moving picture illustrat- 
ing the technique of removal of an intratUoraeie goiter too large for intact de- 
livery. 


The Van hteter Prize was aivarded to Aster Otapman, of the hlayo fdinic, for 
I's studies on Relationships of the Thyroid and Pituitary Glands to Iodine 
Metabolism, and Extra-Thyroidal Iodine Metabolism. 

rm P first honorable mention was given to E. A. Turley. Ph.D., and E. M. Rlchtor, 
of the University of Oklahoma, for their work on Relation of Lympho- 

!;^Sis°to Sypertbyroid States. 

1,1c mention was awarded to Wm. L. MacKenzio King, of the 
The second honorai So-Called Lateral Aberrant Thyroid Tumors. 

Mayo Clinic, for his rc.^earch 
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(0 3 per cent). Studies were given of Wood chemistry and .ver function be- 
Le and niter the use of sodium pentotfaal. Electrocardiographic studies 
during pentothal anesthesia were presented and moving pictures were shown. 
The conclusions drawn are that sodium pentothal produces a condition most re- 
sembling sleep. Oxygen must be given during anesthesia. A large series of 

cases was reported. 

J. H. Vanden Berg, Grand Eapids, Mich., read a paper on md Unrecognized 
Hypofunctiou of the Thyroid. Cases of mild hypothyroidism with so-called norma 
basal metabolic rates were discussed. These patients have too little physmal 
reserve; they lach -pep" and have little vitality. Mild and unrecognm d l^-po- 
thyroidism is very definite and more distressing than mild unrecognized 
thyroidism. Too many of ns accept the range of minus 10 per cent to plus 
per cent of the basal metabolic rate as normal. Under thyroid medication the 
rate may not be raised although the patient improves. 


MEETING OP THE AMERICAN SURGICAL ASSOCIATION, 
APRIL 28-30, 194:1, WHITE SULPHUR SPRINGS, . VA. 


J. Dewey Bisgard, IM.D., Omaha, Ner. 

A DDBBSS Of the President, David Gheever, Boston.-A scholarly historical re- 
A view of the influence that wars have had upon the development of the art and 
science of surgery and of surgeons and the influence that this art and science has 
had upon the outcome of wars and the fate of civilization, this address, as a classic 
in content and composition, cannot be reduced to au abstract and must be read 
in its entirety. 


Intestinal Antisepsis, With Special Reference to Sulfanilylguanldine, Warfield 
M. Bitor and (by invitation) Edgar J. Both, Baltimore.— E.vperiences ivith thi.s 
drug in both clinical cases and experimental animals have confirmed previou.s ob- 
servations that it is not absorbed as rapidly from the bowel as the other sulfona- 
mides and is more effective in reducing the concentration of coliform organism.s 
i the intestine. The reductions in bacterial flora following its use have not been 
'sufficiently consistent or significant, however, to warrant its use .as preoperativc 
measure for intestinal surgery. Some cases, particuharly tliose witli ulcerating 
lesions of the bowel, are entirely refractory to the drug and others show reductions 
in bacterial couiit.s only after the administration of enormou.s doses. No severe 
toxic svmptoms have been observed. The use of tlie drug is contraindicated in 
the presence of ob.struction, ulcerating Iesiou,s, and renal damage. 


Harvey Stone, Baltimore, reported that he liad used the drug in S c.a.ses of 
ulcerative colitis witii no apparent benefit and observed also in 25 eases preparatory 
to colonic .surgery without significant bactcriologic or clinical benefit to warrant 
continuing its u.se in tiie future. 


Aseptic Immediate Anastomosis Pollowiag Resection of Carcinoma of the Colon, 
John H. Gibbon, Jr. and (by invitation) Clare C. Hodge, Philadelphia. — A com- 
parative analysis of tiie mortality in IIS ciiscs of resection of the abdominal colon 
by tlie tecliui<iues of closed e.xteriorization, open primary ana.stomosis, and aseptic 
primary !inasto!au...is was given. This is a coHeeted series from several surgeons. 

Iti'ccl'cvt for imlilic.itton. June IS lOtl. 
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thyroid gland was the main complaint and in these the lateral masses were con- 
sidered as metastatic. In all cases of both groups all the lateral nodes should be 
completely removed together with the entire thyroid lobe on that side whether or 
not a tumor is felt in the lateral lobe. Postoperative irradiation should follow. 
If the carcinoma is of the papillary type, the prognosis is not bad. 

J. B. Kent, Denver, discussed One Reason for Failure in the Surgical Control 
of the Toxic Hyperplastic (Exophthalmic) Goiter. According to his view post- 
operative Crisis is in proportion to the amount of gland left and is due to the 
secretion of this gland residue and does not occur after total thyroidectomy. 
For these reasons he is opposed to multiple-stage operations. 

E. J. Bartels, Boston, found in studying diarrhea in hj'perthyroidism that 92 
per cent of cases with hypertlij-roidism have exaggerated peristalsis. Possible 
causes of diarrhea in hyperthyroidism were listed: direct action on musculature, 
vagal action, reduction of gastric acids, retarded absorption, altered pancreatic 
secretion, reduced hepatic function, altered adrenal function. Lipocaiac is a 
specific internal secretion of the alpha cells in the pancreas and is distinct from 
insulin. It has to do with handling of fat. It is active when given either hypo- 
dermically or b 3 ' mouth. Hyperthyroidism has a depleting effect on the alpha 
cells of the pancreas. Six cases of h^-perthj'roidism with diarrhea were treated 
with lipocaiac with restitution of bowel function to normal. The treatment is 
considered as supplementing the secretion of the alpha cells of the pancreas. 

W. 0. Thompson, Chicago, discussed Persistence and Recurrence of Toxic 
Goiter Following Subtotal Thyroidectomy. There are remissions and relapses in 
cases of recurrent and persistent hj’perthj’roidisni just as in cases of hj'per- 
thj'roidism before operation, and the size of the tissue likewise changes. If 
iodine will not hold the recurrent or persistent case within reasonable limits, a 
second operation should be performed. Psj'chic trauma and its effects were dis- 
cussed. Cases operated upon by more e.xperienced surgeons have less postop- 
erative thj'rotoxicosis. Sometimes the amount of tissue left seems to have little 
to do with the problem. 

In the discussion, Allen Graham, Cleveland, and V. E. Chesky, Halsted, Ivan., 
considered the behavior of the remaining lobe after lobectomy in hj'perthj'roidi.sm. 

Martin B. Tinker, Ithaca, N. Y., gave a most interesting survey of the history 
and development of tlo'roid furger.v with which he has been intimatelj' connected. 
Thj'roideetomy for uncomplicated goiter has a negligible death rate, but the 
multiple-stage operation for hazardous cases is still not used as often as necessar}-. 

The advantages of the electric knife were discussed. Tinker lulvocated wider u.se 
of multiple-stage operations. Packing and tcniporari’ closure are especially- called 
for in cases of suppurative thyroiditi.s and extensive malignancy. In cases of 

- . .....liirnancv he advocates excision with the electric knife of what can 
extensive 

be removed and radiation of the rest. 

AT carraway, Birmingham, Ala., and T. C. Davison, Atlanta, Ga., reported 
f Sodium-Pentothal-Oxygen Anesthesia in Thyroid Surgery. Tlie cl.cm- 
The Use of g„tothul was discussed and its action on the central nervous 

istry of sodium ^ . j ^ .itTected. Rapid action is obtaiami via tlic hUuxI 

system. The stratiou obviated ano-xemia. Atropine given preoj.- 

stream. Oxygen a laryngeal sp:ism. I'icrotoxin is an antidote 

erativeiy prevents revr 
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,he syn.pto«s persisted rvere those in .vhich the pylorus had not been removed orjn 
.hich enteroanastomosis had been performed at the time 

The operative mortality during active hemorrhage is no more than 5 per cent it 
done early but is very high (30 to 100 per cent) if done late ivhen the patient is 

exsanguinated. 

J. T. Botot, N™ To* City, pte.ont.a st.tl.lk. ol.ot.mE tha, dlhoo^ 

E.„.t*.E.. at. to... o«.. 
died of hemorrhage. 

rostrir Ulcer- The Significance of This Diagnosis and Its Eelationship to 
Gastric Ulcer. Thy^ign^^^ invitation) Claude E. Welch, Boston.-A 

Cancer, Arthur . diaLosed as gastric ulcer admitted to the Massa- 

study has been made . neriod 1930-1939 It is sho-wn that cancer 

eta..., G.n.,.l H..P...1 fp.. cent .f oU th. .o~, 

of the stomac in v?hich resections were performed and patho- 

in nearly 40 per present method of treatment of gastric ulcer, 

logic sections were availaWe. The present^^ ^ eonsiderable delay 

inhTdia^osL^of Tany gastric cancers and overlooks a definite hazard 
tLlapy Subtotal gastrectomy can now be performed for gastric ulcer with a rea- 
sonaS' mortality (6.4 per cent in the past five years). This produces almost 
uniformly excellent results if the lesion is found to be a benign deer, a com- 
Tratively high percentage of cures if cancer is present It is therefore proposed 
?hat irastric ulcer be considered fundamentally a disease demanding surgical therapy 
and tlmt a short period of medical treatment be condoned only if the ulceration 
“acute, inaccessible, or in a poor-risk patient. Gastroscopie examinations in these 
cases did not prove to be more accurate than x-ray studies m differentiating ulcer 

and carcinoma. 

Erank Lahey Boston, pointed out that at the Lahcy Clinic only 7 per cent 
of duodenal ulcers are treated surgically; whereas, 27 per cent of gastric ulcers 
AT^erated upon. J. S. Horsley, Bichmond, Va., stated that partial gastric 
xesecXn L indLted in most cases of gastric ulcer. Fordyce B. St. John, New 
York City stated that most statistical reports of permanent cures of ulcers are 
relatively 'premature because ulcers do recur after a quiescent period of as long 
as ten years or more. E. Graham, Toronto, reported a diagnostic error of 9 per 
cent in question of ulcer and carcinoma of the stomach in his series of cases. He 
also reported an operative mortality of 35 per cent in cases operated upon during 
a massive hemorrliage. 


Skin Grafting and the “Three-Quarter-Thickness” Skin Graft for Preven- 
tion and Correction of Cicatricial Formation, Earl C. Padgett, Kansas City, ilo. — 
Tlio technique of using the autlior’s dermatone and tlie advantages offered by it 
were well demonstrated. With it a large sheet of skin of any desired thickness 
'lud of constant tliickiicss can bo cut rapidly not only from the thighs and abdomen 
but from sucii surfaces as the tlioracic wall. Tho thrcc-quarter-inch-thickness graft 
is the most ideal for most purposes. It is tliick enough to giro an excellent cosmetic 
and funetioiial result and contains sufficient derma to minimize contractures. It 
IS more likely to survive transplantation than a full-tliickne.'-s graft. He reported 
a survival reeord of 96 per cent. 


Eohert H. Ivy, I’hiiadelphia, warned of the need of experience in the use of 
tho dermatone. V. Blair, St. Louis, stated that grafts cut with the dermatone 
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Tlie mortality with aseptic anastomosis (Kerr tcclinique) was 13 per cent, that 
with the other 2 techniques, 28 per cent. Resection should not be done in the 
presence of obstruction. Tlie obstruction should be relieved by ceeostoniy before 
resection is undertaken. 


Wm. B. Parsons, New York City, emphasized the importance of the Miller- 
Abbott for both pre- and postoperative decompression in these cases, often elimi- 
nating the necessity of cecostomy. The use of the tube in his series of cases 
had resulted in a reduction of mortality from 22 to (i.T per cent. Harry B. Kerr, 
Washington, D. C., reported 107 resections with a mortality of 15 per cent in 39 
performed by the aseptic technique as contrasted to 35 per cent in fiS performed 
by the other techniques. Richard B. Oattell, Boston, reported 275 resections 
carried out at the Lahey Clinic by the closed e.^teriorization technique with a 
mortality of 13 per cent. Leo Eloesser, San Francisco, described a method of 
anastomosis by telescoping or invaginating the end of one loop into the other. 
He believes this gives greater assurance against leakage. 

Surgical Management of Carcinoma of the Ampulla of Vater and Distal End of 
the Common Duct, Verne C. Hunt, Los Angeles. — Ampullary and periampullary 
carcinomas are usually of relatively low grade malignancy and often are resectable. 
Diagnosis is suggested by persistence of occult blood in the stool in presence of 
painless jaundice. 

Four (personal) operated cases were reported, 2 of transduodenal resection with 
reimplantation of the ducts and 2 of the one-stage Whipple operation; 3 survived 
with good operative results. Operation has been made much safer by control 
of the hemorrhagic tendency of these jaundice cases with vitamin K. Pancreatic 
fistula has been a dangerous, troublesome, and rather constant complication of tho 
Whipple operation. It did not occur in Hunt’s last case in which the technique 
was modified by cupping the resected end of the pancreas with the open end of 
duodenum left after resection of its proximal portion. 


Allen O. Whipple, New York City, discussed the adv'antages of the one-st!igo 
operation and reported 1 case successfully resected in one stage. Thomas Orr, 
Kansas City, Mo., reported 2 cases successfully resected by the Whipple tech- 
nique, one in two stages and one in one stage. Both had pancreatic fistulas which 
closed; both are ivell. Dallas B. Phemister, Chicago, reported 3 cases and demon- 
strated that it is possible in some cases to demonstrate the presence of a tumor 
by special and careful .x-ray studies. Morris K. Smith, New York City, empha- 
sized the difficulty in palpating the tumor at operation and reported 1 case in 
which gall bladder drainage nas established at the iirst operation and tumor found 
upon reoperation for persistence of obstruction. 


Results of Partial Gastrectomy for Bleeding Duodenal, Gastric and Gastro- 
jejunal Ulcers, Waltman Walters and (by invitation) William H. Cleveland, 
Rochester, Minn.~Of 122 patients on whom partial gastrectomy nas performed 
t the Mayo Clinic for bleeding duodenal, gastric, or gastrojejunal ulcers, tho fol- 
r ■ u study disclosed that partial gastrectomy for bleeding ulcers of tho .stomach 
*°'d 'duodenum nas folloned by e.xcellcut result.^ in from 00 to !)t per cent of eases; 
and uo ,,vinptoms of ulcer did not recur. This n.-is true, honeier, in 

hemorri g elites in nhich operation na.s performed for bleeding gastro 

only SO per c^^ patient.s traced, only I died after gastrectomy from hemor 
jejunal ulcer. «liich hemorrhage occurred after gastrectomy, 

rhage. In ,, single episode nliieli uas not .-erions. Occa-ionally llm 

there "US usua \ = j|„, u(i„ li 

hemorrhage uas associate! 
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It is iemo\able. Aa certam benign tumors are potentiallj- runiignant anil as many 
KialigaaTit tumors may be remo\etl completely, practicalh eier^' case of mtratho 
raeic tumor should be promptlj explored surgicallj if there is no eiidence of 
metastasis or hopeless invasion of the adjacent thoracic nails. Preoperatiie pneu 
mothorax is rarely informatue except in distinguishing betneen pulmonary and 
mediastinal or thoracic wall tumors. Tumors that might be 1) mphoblastomatous 
should be given a diagnostic test dose of deep \ ray therapy. The difficnltj of 
differentiation between the expansile pulsation of a mediastinal aneurjsni and 
the transmitted pulsation of a true neoplasm was emphasized. 

S. W. Harrington, Rochester, Mmn , emphasized the importance of lateral and 
oblique roentgenograms in diagnosis. Two cases of substernal diaphragmatic henna 
tion were reported showing difficulty in their diagnostic recognition. 

Endometriosis: Its Significance, Joe V. Meigs, Boston — ^In 363 consecutive 
abdominal gjTiecologic operations, gross or microscopic endence of endometriosis 
was found in 25 per cent of cases It is much more commonly encountered in pn 
rate patients than in those of charit> clinics. Late marriages and late conception 
may be etiologie factors. 

James C. Masson, Koehestei , Minn , stated that he had not obsen ed any 
evidence of social sexual relationship to the occurrence of endometriosis. 


Symposium of Surgical Preparedness: Emergency Treatment of War Injuries 
of the Pace and Jaws, Kobert H. Ivy, Philadelphia — A correlated plan of treat 
ment from the advanced zone to the installations in the rear shortens the average 
period of disability of this t.vpe of injury and increases the number ultimately 
restored to approximately normal function and appearance. Control of hemorrhage 
and treatment of shoch are the roost urgent early considerations. Estabbshinent 
of adequate air passage demands special measures In fractures of the jaws, any 
boue fragments still attached to soft tissues should be carefully preserved. Care 
lessness m early cleansing of wounds and removal of sliattered fragments fre 
quently results in loss of important segments, malunion, nonunion, and secondary 
deforraitj Temporarj fixation of bone fragments should precede closure of soft 
tissues where po'-sible In fivation of jaw fractures collaboration of surgeon and 
dental officer is essential In transportation from the combat zone, cases of oral 
and pharyngeal wounds preferablj should sit up If he must be recumbent the 
patient should be plated face down if there is danger of obstruction in the air 
passages 


Lieut. Col Eoy A Stout, Dental Corps, P S. Army —Fractures of the jaw 
are treated bv wiring of teeth when available, otherwise by traction applied through 
a fixed point m front of the fate or bv internal fixation. A fixed point for applyin"- 
trattion tan bo estabhshed vvitli a tongue depressor fixed to the forehead and 
dong the bridge of the nose or a wire tripod in front of the face fixed to a plaster 
headgtar V. Blair, &t Louis, stated that bad tOsmetit results are usually at 
tnbutable to poor imtiai treatment rather than to aitual destruction James B 
Brown, M Louis -Otten tragments tan be fixed with Kir^ehner wires. Loose 
tragments should alwajs be pre-erved and used m restoration. 


Organteation for Evacuation and Treatment of War Casualties, N. T. Kirk 
( olonel. M C , L b Armv (bv .nv.taf,oD).-The general pl.an of organization for 
he emergtiitj treatment and evatmition of the injured from front lines to the 
bdise ho'^pitalfs waa presented. 
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take better because the cut surface is smooth anti even and in the cutting the 
skin suifers less trauma. 

Total Thoracic and Partial to Total Iiumhar Sympathectomy and Celiac Gan- 
glionectomy in the Treatment of Hypertension, Keith S. Grimson by. invitation 
of Dallas B. Phemister, Chicago. — There are two types of e-xperimental essential 
hypertension, a neurogenic type and a type produced by renal ischemia. Experi- 
mental studies related to the role of the sympathetic nervous system in part and 
as a whole in blood pressure regulation and in experimental neurogenic hypertension 
have suggested that more might be accomplished by total paravertebral sympa- 
thectomy than by splanchnic section alone. Complete removal by a two-stage trans- 
pleural operation of tlie thoracic and lumbar paravertebral sympathetic chains, the 
splanchnic nerves, and the celiac and first lumbar ganglia has been performed on S 
patients with essential hypertension. In 2 other cases the operation consisted in 
complete bilateral thoracic sympathectomy, removal of the splanchnic nerves, and 
celiac and first lumbar ganglioneotoiny. Lowering of the blood pressure has been 
observed in all instances varying from complete restoration of the blood pressure to 
normal to only moderate lowering. 

B. H. Smithwick, Boston, stated that he had approached the problem by car- 
rying out resection in stages until the desired result had been obtained. In 9.1 
per cent of cases a good result was obtained by the Peet operation and in these 
cases no further resection was done. In the remaining cases the lumbar ganglia 
and trunks and celiac ganglia were resected witli good results in 65 per cent. In 
the oases in which these two procedures failed to give the desired result the upper 
dorsal ganglia were resected. George Curtis, Columbus, Ohio, stated that splanchnic 
section for hypertension has demonstrated the presence of sensory fibers in the 
splanchnic nerves. The motor influence of splanchnic section upon the motor activity 
of the stomach was demonstrated in tracings of peristalsis, loyal Davis, Chicago, 
stated that sulfocyanate was more effective in reducing blood pressure after sympa- 
theticosplanclmie section even in cases in which tlie operation fails to lower the 
blood pressure significantly. M. M. Peet, Ann Arbor, Jlich., noted that a review 
of TOO operated cases has shown not only symptomatic improvement in most ca.ses 
but a definite prolongation of life as judged by the Wagner-lCeitli roort;\Uty table. 

Intracranial Aneurysms; Diagnosis and Surgical Treatment, Walter E. Dandy, 
Baltimore. — One-half of the intracranial aneurysms arise from the circle of Willis 
and are not accessible or amenable to operative treatment. Congenital aneury.sms 
of the intracranial carotid wliicli can be treated surgically are of two types: (a) 
those in the canal arc treated by ligating the artery in the neck ami then clipping 
the neck of the aneurysmal sac or the artery itself within the cranium; (b) tho.se 
of the intraeraniai trunk are expo.scd and either the neck of the sac is ligated or 
the sac trapped between ligature.s. Reported were 13 opernlerl ca.se.s of whicli 
10 were cured. The symptoms are third nerve palsy and paia in the eye of the 

affected side. 

Brands 0. Grant, Philadelphia, pointed out that thorotrust is useful in loeat- 
"ng and identifying tliese aneurysms in suspected but doubtful ea.ses, 

tions on Intrathoracic Neoplasms, John Alexander, Ami Arbor, Jtieh.— 

Observa diagnosis of intKithorucic neopl-.isias, apart froai esophageal 

Accurate preop l,roachogeijic eareim)nia.s that can lie liiopsied endoseopivally, 

carcinomas and m-e „nrny iiistaiu-es the surgeon raiinut tell before operalioii 

is virtually impO-'S’ e. i- if it should be malignaol. uhether or nut 
if a tumor i.s benign or mah„n.i. 
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N. T. Kitlr, jM. C, U. S. Army, expressed a more favorable opinioa of the 
"below-the'kuee’' amputations. L. Eloesser, San Francisco, stated that ■with 
proper eonstruotion of the artificial limb “below-the-knee” stumps could be made 
partially end-bearing and very satisfactory, 

B.I.P.P. and Liquid Paraffin Treatment of War and Ci-villan Wounds, Eraser 
B. Gnrd and (by invitation) L. H. McKim, hlontreal. — ^In 1915 Rutherford 
Morison introduced B.I.P.P. packs for dressing wounds. This paste containing 
bismuth and iodoform in liquid petrolatum is applied to either fresh or infected 
granulating wounds. In fresh wounds it is applied to the surfaces after the wound 
has been debrided and the surfaces dehydrated with alcohol. The wounds are left 
open, dressed infrequently, and immobilized. The surfaces rapidly become covered 
with clean healthy granulations permitting early secondary closure. Histologic 
studies of granulations showed minimal edema and very few leucocytes. Bismuth 
and iodoform poisoning can be prevented by the judicious use of B.I.P.P. A 
warning of impending bismuth poisoning is manifested by a “lead line” of the 
gums. 


Present-Day Treatment of Compound Fractures, Robert H. Kennedy, New 
York City. — The problems in the treatment of compound fractures were discussed 
generally. Shock and hemorrhage are the urgent and first problems to be met, 
then, the wounds should be cleaned and debrided and the fractures reduced. Ken- 
nedy believes the wounds should be left open to close by granulations or by secondary 
suture. Reduction in most of bis eases is accomplished and maintained by traction. 
The sulfonamides have been administered routinely as has tetanus and gas anti- 
toxin. There is an increasing need for more training of medical students and 
young surgeons in the accepted methods of treating fractures. 

Kellogg Speed, Chicago, stressed the need of more undergraduate and post- 
graduate instruction in the care of wounds and fractures. During the present 
war the civilian casualties have exceeded those of combat. Both for the p'urposes 
of instruction and military use the types of splints and other armamentarium 
should be standardized. Wm. DatxacU, New York City, believes that the fractures 
should bo reduced at the time the wounds are cleansed. J. A, Key, St. Louis, be- 
lieves that it is safe and desirable to do a primary closure of most compounded 
wounds if cleansed, debrided, and sulfonamized within a few hours after injury. 
J. Dewey Bisgard, Omaha, Neb., presented experimental evidence that the much 
used chemical bacteriocidal agents usually fail to destroy all bacteria in wounds 
and seriously injure tissue cells thereby crippling the normal local defense against 
the bacteria which remain viable in the wounds. Debridement and copious saline 
irrigations rid the wound of most microorganisms and leave the tissues uninjured 
to cope with those that remain in the wound. Sulfanilamide causes little or no 
injury' to tissues. 

The Treatment of Compound Fractures Resulting Prom Enemy Action, Philip 
D. WUson (by invitation), New York City— The Orr method of treatment of 
wounds has been adopted by the British Military Surgeons because it has given 
superior remits iu respect to both mort.ality and morbidity, while casting” and 
infrequent dre.-.dngs have added to the comloH of the patients and simplificd^trans- 
portatiou ami nursing care. Xonpa.lded casts have been used e.\tensivcly splittin^r 
the cast immediately through its entire length to allow for suelUng. There have 
been comparatively few anaerohic infections. Air raid casualties have been 10 
uounded to 7 killed and there has been mueh associated sliock. The application 
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The Coopeiation Between the Army Services of Evacuation and Hospitalization, 
Henry H. M. Lyle, New York City — ^Active intelligent cooperation predicates a 
basic knowledge of the objects desired, the mechanism by wluch tliej are to be 
accomplished, and the character of the personnel The speed of attack, and the 
greater use of automatic weapons, has incieased the difSculties of the medical 
department The technique of triage, surgical management, and evacuation will 
have to be adapted to the tactics of mechanization and movement, but the prin 
ciples remain unchanged. In the last war, military opeiations assumed the tra 
ditional fan shaped pattern , today it is a war of depth An open slashing attack 
has to be met with an equally mobile defense. Aeroplane transportation of the 
wounded has possibilities, but motor transportation remains the mainstay The 
basic principle of military surgery is debridement, chemotherapy is an adjunct 
Immobilization in plaster should be of value in transporting the wounded. The 
consultants should be more active with the set vice of evacuation and hospitalization 

The Hole of the Medical Department in Naval Warfare, F. E Hook, Com 
mander, M. C, TJ. S Navy (by invitation) — The nature of the navy imposes greater 
individual responsibility upon members of its medical corps. A medical officer miy 
have sole responsibility for the ship’s complement Burns and drowmiiig are fro 
quently encountered in addition to the ordinary injuries He stated the navy 
wishes to have available a large medical reserve corps for research and teaching 
and emergency needs 


Wm. Darrach, New York City, pointed out that in war the lightly wounded 
are of first importance and should receive prefeience m care and evacuation 
Elliott Cutler, Boston, stated that no country in the world has available such a 
wealth of medical and surgical talent “Give us the tools and necessary equip 
ment and we will furnish tiie personnel ” During the last war there were dis 
tressing gioss deficiencies m such essential equipment as laundries. 


Leonard E. Broster, MA, MD, M Ch (0\ford), PECS (England) (hy 
invitation), London, England — ^Evperieuce in Spain and in the war to date has 
established the Winnet Orr method of treatment of wounds as tlie method of choice 
for war injuries It has given uniformly better results in respect to both mortality 
and morbidity The wounds are left open and insufflated with sulfanilamide powder. 
The sulfonamides are administered by mouth. The local treatment of burns has 
consisted of washing tlie involved areas with salt solution, drying them, and then 
applying sulfanilamide powder and an escar with tannic acid or covering tlio 
areas with glycerin especially about the face As a result of bombing two new 
types of injuries are frequently observed, tlie bl.ist injuries and the crush syn 
drome The former is characterized by lieinorrliage from tho lungs whiih present 
torn alveoli and grooved impression of the ribs on the surfaces Tlie latter is 
characterized by severe shock and bj hemorrhages into various orgins, particul.irJj 
the adrenals. 


The Experience of the Canadian Army With Amputations of tho Lower Ex- 
tv W B. Gallie, Toronto — Through the Dcpirtmeiit ot Pensions and National 
'it has been po-sible to keep an .iccur.ite rciord and to make frequent 
Healt • Canadian Veterans of the last war who have amputition stumps 

evaiiimatioiis 0 . uorkiug men end he iring stumps, tho &jme 

These observ mlmitelj more iiselul thin other tjpes .\mpiit itioas he 

and Grittife 0 es, . ,,l,(,uld leave a stump not longer thin sn melies and the 

tween the ankle an tibia. Blips that ire too long mil loose and 
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iug witli the recipients’ blood. Plasma is as effective as whole blood in the treat- 
ment of hemorrhage and hemophilia. It is more effective than vitamin K in the 
immediate control of hemorrhage in hemorrhagic disease of the newborn. 


The Eole of Adrenal Cortical Hormone in the Treatment of Patients With 
Severe Bums, Walter Estell Lee and (by invitation) Jonathan E. Ehoads and 
William A. Wolff, Ph.D., Philadelphia. — Consecutive determinations of the 
hematocrit and plasma protein concentration in patients with extensive superficial 
burns make it possible to estimate the probable loss of protein from the circulat- 
ing plasma and to evaluate the ability of the vascular tree to retain added plasma 
at varions times following the injury. The observations obtained indicate that the 
abnormal capillary permeability lasts about forty hours. During this period at- 
tempts to restore the volume of the circulating plasma to normal result in a tem- 
porary increase in the rate of plasma loss from the circulation. 

The administration of adrenal cortical hormone enabled the capillary bed to 
retain substantial amounts of transfused plasma protein twelve to eighteen hours 
earlier in a majority of instances. Chloride retention in the patients thus treated 
was so marked that the administration of physiologic saline solution in amounts 
usually regarded as conservative became hazardous. The combination of adrenal 
cortical hormone with frequent or continuous infusions of plasma under rigid 
laboratory control has made it possible to carry patients with as much as 65 per 
cent of the body surface burned through the period of fluid shift. Evidence has 
been obtained that the extravasated plasma protein returns to the circulations 
by the fourth day after the bum. Laboratory evidence of liver and renal injury 
was obtainable at about tliis same period even in patients with relatively mild 
burns. 

The cortical extract, estrogen, has been given in doses of 5 c.e. to 6 c.c. per 
kilogram of body weight every three or four hours. Plasma shift is seldom reversed 
without treatment in less than seventy-two hours. With adequate plasma trans- 
fusions the plasma volume can be returned to normal in one-half the time and the 
return can be accelerated to one-third or one-fourth with the additional admia- 
istration of cortical adrenal hormone. Tlie author’s formula for calculation of 
plasma needs in hypoprotelnemic patients was presented. 

Alfred Blalock, Nashville, reported that animals in shock showed less fall in 
blood pressure and survived longer when exposed to ordinary room temperature 
than when they were subjected to higher temperatures. 


The Prevention of Complications Following Eadlal Head Fractures With Injury 
to the Anterior Capsule, Clay Bay Murray and (by invitation) Harrison L. Mc- 
Laughlin, New York City. — Fractures of the radial head are commonly divided 
into two groups, those showing separation of the fractured fragments and requir- 
ing operation, and those without separation of the fragments requiring only con- 
servative measures. There is a third group of cases, frequently associated with 
posterior dislocations of the elbow, in which the radial Iiead fragments are dis- 
placed anteriorly tind in which there are clinical signs of severe damage to the 
structures of the front of the elbow joint. It is this group to which particular 
attention is called because of the extreme frequency of extensive ossification in 
the anterior elbow joint structures productive of prolonged and severe disabilitv 
This ossifying process, which involves the anterior capsule and the omrlyin'- 
brachialis anticus, may be markedly increased by the ordinary sur-mrv u^ed foT 


In a series of 395 cases myositis ossificans developed in 4 T per cent 
IS cases the operation was done days or weeks after injury and in the 
heads were rcmo\ed through posterior incisions. 


In the 
radial 
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of tlie Boger Anderson cast-pin-skeletal fixation of fractures of femoral shafts 
was demonstrated. 

The Effects of Roentgen Therapy Upon Uas Gangrene: Clinical and Experi- 
mental Observatibns, Guy A. Caldwell (by invitation). New Orleans.— In guinea 
pigs x-ray therapy has little or no effect in either preventing or altering the course 
of induced Clostridiv/tn welchU infections. Tlie excellent clinical results of this 
therapy as reported in the literature are open to question because in the majority 
of the reported eases the diagnosis was not established bacteriologically. Further- 
more, some recent reports have failed to confirm the earlier ones. It would seem 
desirable and necessary to discourage the use of x-ray therapy to the exclusion 
of other established methods until more conclusive evidence of its merit had been 
demonstrated. 


Frank Meleney, New Yoi’k City, stated that the Committee on Surgical Infec- 
tions of the National Besearch Council had made a thorough investigation of re- 
ported data and was in the process of carrying out further studies. The investi- 
gation thus far has shown that x-ray therapy does have a definitely beneficial 
effect upon the course of Ctostridium welchii infections. 


The Treatment of Shock From the Physiologic Point of View, 0. H. Best (by 
invitation) and D. Y. Solandt (by invitation), Toronto. — The etiology of shock 
and therefore its therapy has not been completely solved. Hemoconcentration with 
a reduction of circulating blood volume are the physiologic results of plasma loss 
into extracellular spaces and body cavities plus, in some instances, blood loss. 
Although the correction of hypoproteinemia and the restoration of normal blood 
volume by the administration of blood plasma usually restores normal physiologic 
relations, it is not a complete solution of the problem. Cortical extracts of the 
suprarenal gland seem to have influence upon the permeability of the capillaries 
and there is evidence that tliis extract aids in the treatment of shock and when 
given preopera tively or before shock is induced experimentally, lessens the degree 
of shock and delays its onset. It is possible that neurogenic factors, anoxia his- 
tamine and other histotoxins, potassium and other toxic substances play a part in 
the production of shock. Serum is as satisfactory as plasma for use in treatment. 
The method of lyophilizing plasma was demonstrated. 


Norman B. Freeman, Philadelphia, presenteii experimental data showing large 
losses of plasma into the gastrointestinal tract after trauma and a reversal of tlie 
loss following administration of adrenal cortical extract. Roy McClure, Detroit, 
described the simple inexpensive method of drying plasma used at the Henry Ford 
Hospital. The method was reported in Swjerij, G’jaecology, anil Obstetrics in 10 W. 


The Clinical Value of Preserved Blood Plasma, Earle B. Mahoney, by invita- 
tion of John J. Morton, Koehester, N. V. — Four hundred injections of pooled 
lyophilized plasma have been given intraveiiou.sIy witlmut regard to the typo of 
the recipients' blood. Tiie incidence of reactions to the blood plastim iias been le.i.-. 
than " per eent and none of the reartjon.H have been severe. The redilufed plasma 
'^'^been used in comhating shock resulting from traum.-i, bemorrli.-ige, and buras 
•1 arent henefieial offeets on the cireiilaliiig blood volume, ft has been of 
With fi,^, liypoproteinemia resulting from proloage.l anor<-xia, in/ec- 

value in re. jt Jui.s been e.sjiecially valu.nble in m.-iintainiiig the fluid 

tion, am po.stoper.-itive patient.--. Tlie advantag--.-- of the ii.se 

balance m l ';,„tnediate availability for emurgem-y ii.se, the .safely and sim- 

of plasma be m freedom from the necessity of typing and cross- match- 

plicity of storage, and 
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t VV,. -nTesenee of an inflammatory reaction is in- 

(2) lack of of pulsations in the distal arteries 

dicative of a faiorab e ‘ tjjoj The formula of this zinc chloride 

1941, Archives of Surgery. 

•r. M,.rrr,r,^ Tniiines uiid Wounds, John Homans, Boston.— 

m™. .. pi.p™k ..a ..a 

This peculiar state is characters a y unpredictably from minor 

is often associated ivith edema an cy • especially when 

of the hand may be ^ is apparently a vicious 

nerve such as the median, ulna , serving the blood vessels and 

sympathetic reflex cord. The diagnosis is 

rCo. 

S:ty W-inSirofTrocmne into a « trigger point,-- by removing sensitive 
slS and by periarterial or paravertebral sympathectomy. 

Bdwrn B. Behman. Ch^^ottesvdle, -ses ^ 

scar and of response to novocain block should be ascertained. 

BTefrirSrii "e treatment radical procedures may be avoided. 

Mediastinal ParaWid ™ 

Hyperparathyroidism, ivet^op^^^y^^ operation at the 

Bifty-three cases o ^ P j ^j,„othor was explored unsuccessfuUy ; the tumor 
Massachusetts G^eral Hosp^ h^ „,ediastinum in front of the right auricle, 

nas found at ^ ® ^ fgund in the anterior mediastinum in 10, in the 

Of these d 4 cases, a < explored unsuccessfully before 

posterior mediastinum n . ^,,g ^ggj, g„iy , in the 

coming to “®P* the anterior mediastinum in 5. The uncovering of 

tl vLidfin the mediast’inum, therefore, presents a major problem. Blind search 
parathyroids ^ ,s often unsuccessful since a small tumor may not be 

felt and ^ into two stages: first, the neck and posterior medi- 

TsUnum^re explored ,’ second, the mediastinum is exposed to direct vision by split- 
ting the sternum. 

Ill the presence of an adenoma the iminvolvcd parathyroid glandules are pale and 
atrophic, appearing much like fat. 

Frank H Bahey, Boston, noted that a knowledge of the normal and abnomal 
1 canons and appearances of tlie-e glands is necessary for carrjing out a systematic 
se'irch for a tumor. Occasionally the tumor is found within the substance of the 

thv roid gland. 

Chrome tricerative Colitis: A Summary of Evidence Implicating B. Necro- 
phorum as an Etiologic Agent, Bester K. Dragstedt and (by invitation) G. M. 
Back and J. B- Kirsner, rhu.igo. — ^'i’he Kicterial flora of the colon was studied in 
pitieiits with iihorative colitis both before and after deiiation of the fecal .stream, 
rlor.i .it first was found to he piredominnntlv aerobic; alter devUtioii it became 
almost evclusivcly amierobic, and one orgamsm, B. necrophorum, predominated. 
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This complication can be much reduced by excising the head throngli an anterior 
mciBion, cautenzmg «.e tissue after the head has been removed, and leaving tJie 
fascia open. The operation should be done as soon as possible after injury. 

Kellogg Speed, Chicago, .stated that early motion was conducive of myositis 
ossificans and advised immobilization for three weeks following e.xcision of the 
radial head. The use of a vitalliuni cap over the end of the radial shaft was 
aemonstrated. 


Dr. Murray in closing stated that aspiration of blood and serum from the site 
of fracture or operation shortened the period of disability. 

Procaine Injection and Early Mobilization in the Treatment of Non-Weight- 
Bearing Fractures, L. Kraeer Ferguson, and (by invitation) William H. Erb, 
Philadelphia. Leriche, in 1928, first proposed the theory that in sprains and frac- 
tures about joints, persistent pain occurs in response to afferent segniental im- 
pulses which produce an efferent sympathetic response. This vasomotor stimula- 
tion produces vascular or physicochemical elianges in the injured area that, in turn, 
act as a stimulus of continued pain and produce edema and functional disability. 
By blocking the reflex arc with procaine solution, by injection either at the site 
of fracture or of the sympathetic ganglia, there is a rapid relief of pain and a 
disappearance of muscle spasms and joint disability. This permits early resump- 
tion of function. This form of therapy, although apparently contrary to all previous 
teachings regarding treatment of traumatic injuries, has proved by experience to be 
most effective in the treatment of certain types of non-weight-bearing fractures. 

Five to 10 c.c. of 1 or 2 per cent novocain are infiltrated throughout the area 
of acute tenderness and normal function without splinting or support is carried 
on. The method is restricted to fractures in which reduction is not necessary and 
in which weight-bearing plays no part. ' 

Olay Bay Murray, New York City, stressed the merits of the method and the 
dangers from stretching the limits of its applicability. 


Vascular Injuries, jr. M. Mason, Birmingham, Ala. — ^In a general review of 
surgery of the cardiovascular system the influence of recent contributions upon civil 
and military surgery was stressed. The use of novocain and alcoliol block of the 
sympathetic innervation of tiic extremities, the employment of Jiepiirin, aitd tiia in- 
creasing availability of wiiole and dried plasma Iiavo greatly .altered and c.xtended 
the usefulness of surgery of the blood vessels. 


The Conservative Amputation of Gangrenous Parts by Ohemosurgery, E, B. 
Schmidt and (by invitation) F. E. Mohs, and E. L. Sevringhaus, Madison, Wis.-— 
Chemosurgical amputation of gangrenous toes and parts of feet involvc-s cimniioal 
fixation of the affected tissue by zinc chloride prior to amputation. After a gan- 
•rreno-free level is reached, a tliin layer of fi.xed tissue remains for a week or two. 
On separation it leaves ivell-vaseuiarized, germ-resistant granulntioms. Bonos and 
tendons are removed a week or so I-ater, Epitlielization is rapid. Scars are siuootli 
and pliable. Of 55 gangrenous lesions involving the feet of 51 patient.s, Iicaling 
'^"curved in 60 per cent after conservative cliemical amputation, iii O'd.O per cent of 
4 - cases of diabetic, and in 25 per cent of S cases of .-.enilo arteriosclerotic gan- 
Lack of healing was usually duo to failure of the linal layer of tixcil tissue 
grene. separate witfiiu ten days after 

to separa c. j.i,ani-es for healing are poor, but the patieat is still 

chemosurgic' ‘ „giVma than before for surgical amputation nt a higher laeJ. 

in as good or c amputations eliemo.surgcry was ob.-erve<l to have the- 

In this senes o nre-ervation of a usable foot in a majority of eiues and 

following advantages: (1) pre.ervai 
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and sometimes a definite or indefinite abdominal mass. Tiiese attaeits may subside 
at this stage and may recur or there may be progression of hemorrhage nrith col- 
lapse and alarming shock. Recovery is usually accomplished, tvith. complete rest and 
conservative treatment, bat only once has the diagnosis been made preoperatively. 
Mindful of the gmdrome it should be possible to make the diagnosis from signs 
and symptoms more often. At operation bleeding vessels have been identified and 
ligated. 

Dallas B. Phemister, Chicago, stated that hemorrhage into the mesentery not 
infrequently occurs in association with acute pancreatitis. 

The Eelationship of Lesions of the Cystic Duct to the Pathogenesis of Chole- 
cystitis, W. H. Cole and (by invitation) E. O. Hughes and M. V. Hovak, Chicago. — 
Often chronic partial obstruction of the cystic duet can be demonstrated in the 
gall bladders of patients with cholecystitis. 

Partial obstruction at the cystic duct mas produced by one of nvo methods: (1) 
cutting a flap at the neck of the gaU bladder. aUoming it to protrude into the lumeu 
at the junction of the cystic duct and the gall bladder; and (2) inversion of the 
wall at the neck of the gaU bladder by “'tuck" stitches. In over three-fourths of 
the cases, definite tliickening of the entire gull bladder mall, simulating cholecystitis 
in human beings, mas obtained, but only after the lapse of several months’ time. 
Cultures of the malls of these gaU bladders mere positive in practically all instances. 
Control animals in which similar procedures were performed in the dome of the gall 
bladder mere negative for evidence of thickened mall, etc., except at the loc:il point 
of operative trauma. The experiments do not contradict other mechanisms of pro- 
ducing cholecystitis such as hanphatic spread, etc., in the pathogenesis of cholecys- 
titis, but in reality are supplementary, supposedly representing the initial lesion 
which might bring about the infection. 

Dallas B. Phemister, Chicago, raised the question of priority; May not 
cholecystitis as seen in man develop first and extend to the cystic duct producing 
the narrotving and other changes found in these ducts? Mucoceles have been found 
in which there mere no stones and no obstruction of the cystic duct. Nathan 
Womack, St. Louis, referred to his experimental studies in dogs shonung that as- 
pirated gall bladder bile merely concentrated to one-half its normal volume and 
then reinjected into the gall bladder caused the changes characteristic of cholecystitis 
to develop both with and without demonstrable evidence of infection. It is possible 
that partial obstruction of the cystic duct produces cholecystitis because the ob- 
struction may result in abnormal concentration of the gall bladder bile. 

A Useful Method of Anastomosis of the Gall Bladder or Bile Ducts to the 
Gastrointestinal Tract, Vernon C. David and (by invitation) Eoy E. Brackin, 
Chicago. — .\ technique mas presented for anastomosis between the biliary and gas- 
trointestinal tracts. Dogs autopsied as long as one year after anastomosis showed 
no contracture of the anastomotic opening, no dilatation of the duets, and no evi- 
dence of liver damage. The technique has been used with success in a diflicult case 
of biliary tract disease. 

The principle of the technique consists of placement of strangulatin''- sutures 
between the approximated walls of the gall bladder or bile duct and the stomach 
or bowel. Following necrosis of the strangulated tissue an anastomosis is established. 
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This organism has been found m the diseased colon m a great majority of patients 
examined and isolated in puie culture in a mesenteiie lymph gland and a portal 
thrombus. Specific antibodies ha\e been found in the blood of ulcerative colitis 
patients, but not in the blood of normal individuals. A number of different strains 
of B. necrophoriim have been isolated and antibodies to the specific strain found in 
the colon have been present in greater concentration in the patient from whom tlie 
strain was isolated than in other patients with the disease. B. necrophonim lias 
been found to be more plentiful in the isolated colon during periods of exacerbation 
of the disease and less numerous during periods of quiescence. 

It IS probable that the original nlcers in the bowel are produced by other micro- 
organisms or factors and that B. necrophonim is a secondary invader. 

Frank Meleney, New York City, questioned the etiologic relationship of this 
niici oorgaiiisni to the disease and was inclined to consider it a secondary invader. 
In a search of 40 cases of ulcerative colitis B. necrophonim was found in only 3 
cases, but in these 3 cases good responses were obtained from zinc peroxide therapy. 
The microorganism was found in infectious pioeesses remote to tlio colon in 9 cases 
which did not have ulceiative colitis. 


Observations on the Cause and Treatment of Postoperative Atelectasis and 
Bronchopneumonia, Henry K. Eansom and (by invitation) Cameron Haight, Ann 
Arbor, Mich. — The letention of secretions within tlie broneliial tree is responsible 
for the development of atelectasis and bronchopneumonia winch together constitute 
the chief cause of respiiatory complications. Careful attention to the cough niech 
anisni in order to piovide foi the complete ev.acuation of sputum at all times greatly 
decreases the incidence of these complications An impending atelectasis or pneu- 
monia can be recognized more promptly by physical examination than by roentgen 
examination. The morbidity and mortality of postoperative complications of bron 
dual etiology are considerably lessened by the piompt use of tr.icheobronLliial suc- 
tion when the cough mechanism is insufficient to provide adequate bionehi.il diaiiiage. 

Tracheobronchial suction is accomplished by passing a small catheter into the 
nasopharynx, and then with the tongue drawn strongly forw.ird it is advanced into 
the trachea quickly duiing inspiration. By arranging the position of the patient 
the catheter can be directed into citliei bronchus as desired. Suction is exerted 
through the catheter. Occasionally it is necessary to icsort to bronclioscopic aspira 
tion. 


Elliott Cutler, Boston, stated that the imideme ot these piilmonnry tomplita 
tions showed a dose relationship with the degree of roduction of vital capatity fol 
lowing operation. Such reductions of vital capacity lesidt from painful and othci 
stimuli emitting from the wound Thus, total ancsthesi.i ot the wound during the 
first few d.ijs bj some long acting agent would do muili to prevent postoperative 
pulmonary complications. lir. Ransom presented st.itistical evidence tli.it the tjpo 
of .abdominal incision (transverse versus longitudinal) does not sigiiiticaiitly niter 
the incidence of postoperative pulmonary i oiiiplii.itioiis Walter E. Lee, Bhiladel 
I la believes tint the iiuideiue of atelcit.isis his iiicrc.iseil as a result of more 
^ lone-ed operations and advocates the routine use of .ispir.ition ot the liirvnv: and 
“ before moving patients from the operiliiig table Frank Lahoy, Boston, 
ued the necessity of training resuleut surgii.il st.itfs to imet the nmrgim-y 
orexaeuating bronchial secretions m these cases i.iuncdi Uclv. 

me of Mesenteric or Subperltoneal Hemorrhage (Abdominal 
The ° Kilgoro iml (bv mvit.itioo) Glenn F. Cushman, .*-111 

Apoplexy), „f blood l.ctwcn flu- h «VIS «f the tm-.nf.o »« re ire 

Fnaiicisco.— .vnd hick pun, mrcutss, n-ll. -lu -s, dilfn-e t.nd.nu 
lirat 4iuno^ « 
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„ a, ......I .< ^ '"'•.““tC 

r.ri.™a c.relno»a «( U» .toma.l. as a con.mm,.ly p.oM.a.. ' 

a, a. ,a«.aa j»r;rir,:r;ar“.:Hi“^ 

five years. There were S \e ye. control of cancer depends 

Walter 0. Palmer. Chicago, emphasized the fact t»at rnc 

Tpou the patient, physician, x-ray man, and the shill of the surgeon. 

The Effect Of Hot and Cold Applications to 
and cold Piuids Adminis^red hy « xS-^he effects of hot and 

Peristaltic Activity, J. Dewey ^ J determined by balloons 

cold drinhs and applications PeristLis is marhedly reduced after 

in the stomach, small intestine, a ■ su^irests that the 

operations on the stomach and peristalsis. Peristalsis” is increased 

stomach acts as a ‘ deewased if hot packs are used. By 

if ice is applied to tlie ^hdominal * increases the hydrochloric acid output 
mouth, ice -ter decreases Xf ice is applied to the 

of the stomacli ; hot wa hydrochloric acid secretion still is 

extremities, peristals . t be indicated for peritonitis and bleed- 

increased. Hot packs therefore seem ro 

ing ulcers. 

dames M. W^J. ^ 

tuytuTdoes not advise pitressin. Charles W. Mayo, Rochester, Minn., pointed 
oS «.at the most effective drugs are not necessarily the most expensive. 

The MUler-Abhott Tube in Surgery, Octa C. Leigh, Jr., and Eichard 0. Diefen- 
dorf New York City.— The importance of the MiJler-Abbott tube was illustrated 
uori, lie diseases. Two hundred and seven cases of uncom- 

"[■ “:ed'':n:y hotl IZZil Zere treated, ndth a mortality of ffd per cent. 

the cases of obstruction with peritonitis, the mortality was 16 per cent if the 
tube nassed the pvlorus; if it could not be passed, the niortaUty was 38 per c^t. 
T1 t he lias been used for the treatment of ileus, and as a prophylactic against 
Obstruction in appendicitis, and as an adjunct to resection of the colon, especiaUy 
th rm'ht side. The Miller-Abbott tube has not decreased the mortality of 
"tran mlaHu-r obstructions, which must be recognized and subjected to immediate 
^ I'r'rrory Of ion attempted small bowel intubations, there has been failure in only 

10 per cent. 

Grover C. Penberthy, Detroit, in the di.scussion, emphasized the importance of 
the recognition of strangulation. In addition to the advantages of the Miller- 
Vbbott tube li.sted by Iiim several years ago, its value a.s a prophylactic against 
postoperative obstruction following colon resections has now been made clear. 

Tho Local Use of Powdered Sulfanilamide in Infections of the Peritoneal 
Cavity, E. Sterling Mueller and James E. Thompson, New York City. — Intra- 
pcritoneal .■.iilfanilamide has been employed in DO of the 208 ca.'-es of appendicitis 
treated in the Roosevelt Hospital, New York City, since January, 1910. There 



REVIEW OP THE SECTION ON SUE6EEV OF THE AMERICAN 
MEDICAL ASSOCIATION 

Claude E. Welch, jM.D., Boston, Mass. 

following are abstracts of papers read before the Section on Surgery of 
the American Medical Association in Cleveland on June 4, 5, and (j, 1041. 

Carcinoma of the Stomach in a I.arg-e General Hospital, Frederick F. Boyce, 
New Orleans. Carcinoma of the stomach is a very serious problem in the 
Charity Hospital, New Orleans, because negroes form a high percentage of the 
patients. . Two series of 200 surgical cases, one of which was reported in 1933, 
and another recent one, were compared. There has been no increase in the number 
of cases resected and no reduction in tlie operative mortality. Now of 30 patients 
admitted to the hospital, 10 are operated upon; 3 have exploration only; 5 have 
palliative operations; 2 have gastric resections. The mortality of gastrectomy is 
56 per cent. This is a gloomy picture, and probably can be improved only by 
the careful attention of the physician, and prompt recourse to surgerj', since no 
cooperation can be expected from the patient. 


Malignant Lesions of the Stomach; Importance of Early Treatment and Be- 
suits, Waltman Walters, H. K. Gray, and James T. Ttiestley, JSochosfer, Minn. — 
All of the cases of carcinoma of the stomach observed in the Mayo Clinic from 
1907 to 3938 were reviewed. A third of the patients with resectable lesions had 
symptoms suggestive of the ulcer syndrome. Eighty-one per cent of the patients 
with an ulcer history Iiad had adequate response to medical therapy. Of the re- 
sected specimens the x-ray diagnosis was carcinoma in 75 per cent, ulcer in 10 
per cent, gastric lesion, unspecified, in 33 per cent, benign lesion in 3 per cent, 
and DO lesion in 3 per cent. In 20 per cent of the cases stated by the rndiologi.st 
to be inoperable or of doubtful operability, resections were possible. Of all the 
eases of carcinoma of tiie stomacli admitted, oS per cent were o.xpIored; resections 
were done in 26 per cent of tiie total. The mortality in 2,772 resections was 30' per 
cent. The mortality increased with age. The mortality according to type of re- 
section was Billroth I, 11 per cent; Billroth II, IS per cent; anterior Polya, 38 
per cent; posterior Polya, 35 per cent; segmental resection, 3(J per cent; local 
excision, 30 per cent; total gastrectomy (27 cases), 67 per cent. The survival 
rate (based on operative survivals) was 29 per cent at five years, 20 pur cent at 
tea years, 35 per cent at fifteen years, 11 per cent at twenty years, and 0 per 
cent at twenty-five years. 3’hc live-year survival rate for lesions Iocnlir.ed to the 
stomach was 45 per cent; if there was extension timt was resectable, without 
metastasis, 39 per cent; if metast.-mi.s- without e.xten.Mion, 17 per cent; witli both 
metastasis and extension, 37 per cent. According to the pathologic grade, the 
survival rate was SO per cent for Grade T; 59 per cent for Grade 11; 30 per cent 
for Grade III; 03 per cent for Grade IV. The survhal rate uas appro.vimalely 
the same in all age groups. 


r ae T Pack, New York C'iiy, in the dl.-o-n-'.-sion, lon/ihasi/ed the laid that 
, T-ii suroeon is entirely .secondary to an incre.^^ed iwmher oj rc-ectiotn 

the skdl ot ho -nr„ the number of ,ive-,e.-.r cures i.s concerned. The statistics 

so lar as .v-dicrs he .'aid, formed the an.st opiimi.sto; report uu-r 

presented by Dr. Walter., 

—"ved for publication. July H. ^ 





RE\-IE\V OF RECEXT JIEETIXGS 


527 


omentum, but some in the abdonunal wall. Sulfatluazole produced some thicken- 
ing of the root of the mesentery and marked reaction in the abdominal 'ivall. 
Sodium sulfathiazole produced intense matting of the intestines and a bad rround. 

The Surgical Management of Gall Bladder Disease as Correlated With New 
Physiologic Concepts, H. Glenn Bell and Beon Goldman, San Francisco. — ^The 
greatest improvement in the care of patients with gall bladder disease has been 
due to preoperative preparation. Proper attention must be paid to the general 
condition of the patient; tests of hepatic and renal function must be made. The 
preoperative diet should be high in carbohydrates, adequate in protein, low in 
fat, and should contain all vitamins, especially vitamin K. Fluid and electrolyte 
balance must be maintained. The proper time to operate must be chosen, preferably 
when jaundice has disappeared or has reached a level. Anoxia must be avoided 
during the procedure. Proper sedation kept at a minimum level, the use of 
cholangiography, and attention to the sphincter of Oddi are other important 
operative details. Postoperatively, bile salt therapy may be of importance. The 
statistics of the University of California Hospital for the past ten years were 
summarized. The over-all mortality in 435 cases was 2.5 per cent. Cholecystectomy 
in the chronic state (290 cases) carried a mortality of 1.4 per cent; cholecystectomy 
for acute cholecystitis, 3.S per cent; common duet exploration, 5.S per cent; and 
cholecystostomy, 0 per cent. The common duct was explored in about 20 per cent 
of the cases; it nas done rarely below the age of 50 years, but frequently' there- 
after. An 11 per cent incidence of stones in the common duct was found. Only 
1 patient who had had a primary duct exploration had to iiave a second. The 
results of cholecystectomy showed 93 per cent cured if stones were present, con- 
trasted to 61 per cent of patients cured if there was chronic cholecystitis without 
stones. 


Wairen H. Cole, Chicago, in the discussion, stated that persistent pain after 
cholecystectomy is usually due to a wrong preoperative diagnosis. Infection of the 
gall bladder is usually chemical, rather than bacterial. He believes operation on 
the acute gall bladder is indicated if the temperature has not returned to normal 
in thirty-six hours after admission, or if the signs of infection increase. 


The Use of Cotton as a Suture Material, With Particular Kefetence to Its 

Clinical Application, William H. Meade and Carroll H, Long, New Orleans. 

Cotton was shown to incorporate the qualities of pliability, satisfactory tensile 
strength, a high coefficient of friction, stability on exposure to heat or moisture, 
and the failure to produce any great tissue reaction. The cotton sutures are sterilized 
by boiling twenty minutes or by autoclaving. They have been used in all D'pes 
of wounds where interrupted sutures could be used and are particularly valuable 
in contaniiimtcd wounds. Sizes 50 to 80 may be used for ligatures. Heavy' mer- 
cerized cotton is employed in ligating the pulmonary artery, etc. Since adoption 
it ims been u-ed in about 1,800 cases in the CImrity Hospital. The percental of 
infection in clean and contaminated wounds has been distinctly lower than'’ that 
when catgut was u.-ed, and aj.prcriahly lower than silk. Tims' of clean wounds 
4.S per cent of the cotton, o.i per cent of the silk, and 19.3 per cent of the catmit 
\,ecame infected. Of the contaminated, 00.4 j,„ cent of the cotton, 70.6 per cent 

of the sdk, and 100 per cent of the catgut, developed infection. There is a tre 

„H.„don.s linaucmi .s.vmg when cotton i.s u.-cd. Comparative cost.s of each suture 
.naternd H each were me.i e.xctusively in the Charity Hospital during one vear 

\soni<! oottun, $io*, t'jik, c;Ug\it, $0,528. ^ 

Donald Guthrie, .-ayre, Pa., in the discussion. s.Hd that cotton co.npared with 
sdk m mmh .-afer and eas.cr to handle, the knots are more secure, tL> lerih’ 
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were no cleatlis. This included 31 eases of acute appendicitis, IS with abscess, 
and 41 with peritonitis. One case of jaundice was observed, but tiiere were no 
other complications ascribable to the drug. In a control series of 742 cases from 
1935-1939, there were 21 deaths of whicit 13 were due to peritonitis. This was a 
mortality rate of 0.53 per cent for simple acute appendicitis, 6.78 per cent for 
appendical abscess, and 11.96 per cent for appendical peritonitis. Tlie sulfanilamide 
was sterilized by dry heat for two hours at 140». In severe infections, the maximum 
dose used has been IS Gm., of which two-thirds was placed in the abdominal cavity 
and one-third in the wound. The usual dose was 175 mg. per kilogram of body 
weight. Drainage was employed in the. usual fashion. Absorption is nia.ximum 
about twelve hours after operation, although the drug can be detected in the blood 
twenty minutes after operation, and persists about 200 hours. No bad effect on 
wound healing was observed. In 16 cases, administration was continued after 
the operation. 


The Use of Sulfanilamide in the Peritoneum: Experimental and Clinical Ob- 
servations, Howard C. Jackson and Frederick A. Coller, Ann Arbor, Mich.— The 
authors found that sulfanilamide, implanted intraperitoneally in dogs, provided a 
peak blood concentration in three hours, regardless of the amount of the dose. 
Mixing with gum acacia did not slow the rate of absorption. If the drug is givca 
by mouth, the blood level is still rising at the end of twenty-four hours. Clin- 
ically, intraperitoneal implantation has been done in 67 instances (33 colon opera- 
tions, 15 stomach and small bowel resections, 12 perforated appendices, and 5 of 
other peritoneal infections). The dose was usually 5 Gm. Twenty-nine of the 
patients had chemotherapy by mouth as well. Postoperatively only 5 eases showed 
evidence of peritonitis; it wa.s felt that too little drug was given to 3; a pelvic 
abscess developed in 1. Jaundice did not appear in the patients who received 
only intraperitoneal implantation, but did in 31 per cent of those who received 
additional oral chemotherapy. No fatal results occurred from this complication. 
It was also proved e.xporinientally that concentration in the portal blood is much 
higher than in the jugular for the first four hours after implantation. Sulfanila- 
mide crystals could be found up to two hours after implantation, while after four 
hours the peritoneum appeared entirely normal. 


Several additional features were mentioned in the discussion. Henry W. Cave, 
New York City, pointed out that sulfanilamide is a safe and effective agent to 
reduce peritoneal infections wlicn given iatniperitoiieally ) 4 to 6 Gm. are placed 
about intra-abdominal ana.stomoses. It will not, however, prevent all deaths. A 
traumatic perforation of the sigmoid with general confaminatioa of the jicritoncid 
cavity recovered uneventfully following immediate laparotomy and the u.‘-o of 
.sulfanilamide. Alton Ochsner, New Orleans, has not obtained us good re-sults. 
He believes the drug should not he used imlc.-s there is a gro.'^.s contamination. 
If it is to i)e used intraperitoneally, drainage ahould he omitted, ile warned 
amiinst tlie intrarerous use of .sulfathiazole, becan.ve of 2 ctise.s of optic atropliy 
tint followed. lie sugge.sted tlie possibility of small do.-e.s, with repetition a few 
hours later. James E. Thompson, New York City, cited the use of intraperitoneal 
sulfanilamide iu 99 large bowel operntione, with 8 deaths. It wa.s also used an a 
therapeutic measure in 26 desperate ea.-es of peritonitis with 6 death.-*. Dr. Coller 
1 tint no evidenee of harm to the perilom-iim from siilfanilainitle haa been 
^ ^ , ,, u not a [laiiaeea, ami other surgical prineiple.s .■‘hoiihl not 

. .. . .-.wf bec-in.-e it i.- u.-ed. It m not wim- to n.-e it in rlean ea-..-*, siieli 

be forgo ei ’ Contaminate.! uoun.N ar.- preferably treate,} hy aeronihiry 

as ,„„i'‘,ubcutaiieoii-. tisMie. Prcacrlek L. Reichert, .‘■an fVane.s. o, 

closure ol u • reaction from sulfaiiilaimde in the peritoneum or 

experimentally has tounu 
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omentum, but some in tlie abdominal wall. Sulfatliiazole produced some thicken- 
ing of the root of the mesentery and marked reaction in the abdominal wall. 
Sodium sulfatliiazole produced intense matting of the intestines and a bad wound. 

The Surgical Management of Gall Bladder Disease as Correlated With New 
Physiologic Concepts, H. Glenn Bell and Leon Goldman, San Francisco. — The 
greatest improvement in the care of patients with gall bladder disease has been 
due to preoperative preparation. Proper attention must be paid to the general 
condition of the patient; tests of hepatic and renal function must be made. The 
preoperative diet should be high in carbohydrates, adequate in protein, low in 
fat, and should contain all vitamins, especially vitamin K. Fluid and electrolyte 
balance must be maintained. The proper time to operate must be chosen, preferably 
when jaundice has disappeared or has reached a level. Anoxia must be avoided 
during the procedure. Proper sedation kept at a minimum level, the use of 
cholangiography, and attention to the sphincter of Oddi are other important 
operative details. Postoperatively, bile salt therapy may be of importance. The 
statistics of the University of California Hospital for the past ten years were 
summarized. The over-all mortality in 435 cases was 2.5 per cent. Cholecystectomy 
in the chronic state (290 cases) carried a mortality of 1.4 per cent; cholecystectomy 
for acute cholecystitis, 3.8 per cent; common duet exploration, o.S per cent; and 
cholecystostomy, 0 per cent. The common duct was explored in about 20 per cent 
of the cases; it was done rarely below the age of 50 years, but frequently there- 
after. An 11 per cent incidence of stones in tlie common duct was found. Only 
1 patient who had had a primary duct exploration had to have a second. The 
results of cholecystectomy showed 93 per cent cured if stones were present, con- 
trasted to 61 per cent of patients cured if there was chronic cholecystitis without 
stones. 


Warren H. Cole, Chicago, in the discussion, stated that persistent pain after 
cholecystectomy is usually due to a wrong preoperative diagnosis. Infection of the 
gall bladder is usually chemical, rather than bacterial. He believes operation on 
tlie acute gall bladder is indicated if the temperature has not returned to normal 
in thirty-six hours after admission, or if the signs of infection increase. 


The Use of Cotton as a Suture Material, With Particular Eeference to Its 

Clinical Application, William H. Meade and Carroll H. Long, New Orleans. 

Cotton was shoivn to incorporate tlic qualities of pliiibility, satisfactory tensile 
strength, a high coefficient of friction, stability on exposure to heat or moisture 
and the failure to produce any great ti.-isue reaction. Tlie cotton sutures are sterilized 
by boiling twenty minute.s or by autoclaving. Tliey have been used in all types 
of wounds where interrupted sutures could bo used aud are particularly valuable 
in contaminated wounds. Sizes 50 to SO may be used for ligatures. Hear-y mer- 
cerized cotton is employed in ligating tlie pulmomiiy artery, etc. Since adoption 
it lias been used in about 1,S00 cases in the Cliarity Hospital. Tlie percentan-e of 
infection in clean and contaiiiiiuatod wounds has been distinctly lower than'’ that 
when catgut wa.s u.«cd, and appreciably lower than silk. Thus of dean wounds 
4.8 per cent of the cotton. 5.4 per cent of the silk, and 19.3 per cent of the cat-ut 
became infected. Of the conliniiinated, 22.4 per cent of the cotton, 70 6 per cent 
of the silk, and 100 per cent of the catgut, developed infection. There is a tre 
„K.nd»u.s linancial saving when cotton is u.seil. Coniparutive costs of eadi suture 
Uiu.ennl it each were used exclusively in the Charity Hospital durin- one year 
wmM voUon, sUk, catgut, $0,5:iS. 

Donald Guthrie, .Sayre, Pa., in tho discussion, sui.I , 

silk is much safer and easier to handle, the kLots are ‘ m::'” t^rteSj 
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strength ts greater, and no alleigic ni.imfestations de\eIop Simises lu the ptCbCnfe 
of mfection are rare. It js, non used iii heuiuis, bieasts, tiiyroula, ixncl about one half 
of the clean abilonnnal wounds It is muck safer than catgut, since catgut is \ory 
often infcetod. John M. Ferris, Ann Arbot, Mich, cited expenmeats m ninth 
cotton, siiii, and catgut sutuies acre introduced info tlte anterior chambers of rab 
bits' eyes, Neaily complote blindness developed after the catgut, while \ery low 
Cell counts iveio encountered after silk and cotton Dr. Long mentioned the use 
of cotton in gjnccologio repairs J. B. Cannaday, Charleston, W. Va, ovprosscd 
Ins satisfaction with cotton Alton Ochsner, New Orleans, illustrated the jjrcferrcd 
method of stcnlmation. Tko sutures are fust cut to the proper length and then 
placed in sterile test tubes and stenli/ed If wrapped on rubbei spools, some of 
the cotton fibers niay bo ruptured as they contract on sterilization He prefers cotton 
in contaminated wounds, above all otheis. 


Embryoma of the Kidney (VsrjJms’ Tumor), William E. Ladd and Sobert E. 
White, Boston — A series of CO eases of embryoma of the kidney obsoriod in the 
Children's Hospital was discussed. It is a disease of the first 3 years of bfo. The 
tumois vary gicatly, histologically They are neaily jilwa>s i.adiosonsitiic. Imme- 
diate operation, without preopcrativo \ ray fliernpy, is adiisablo, because of tin) 
danger of early motast.asis A jirehmin.'ny jijelogram is taken to bo sure of the 
piesenco of a normal contralatenal kidney. The transpontoncal approach is pre 
forred. The renal vessels are ligated before any mobilization of the tumor is done 
Tiio perirenal fat is rcino\cd with tho kidney. Of thy GO cases, the oporatiio 
mortality was 3.3 per cent, IS patients are still Iniug, 14 of them being probable 
cures. Eceurrenco always w.as noted before the cigiith postoperative month, if it 
was to occur, except 1 case that recurred at twenty mouths A twojear euro time 
fore seems to bo significant. Tho sue of tho tumor docs not appe.li to alter tlie 
prognosis, but younger patients have a bettor outlook than older. Postoporatiio 
\ ray for recurrence is of palliatno lalue, but will not destroy all tho tumor tells 


James T. Fiiestley, Eochostor, jVIi/in , tii tho disuiSMon, ‘•tated that of 00 pa 
tionts treated iii thu Mayo Cliiut, thcic are <i (13 per cent) five j car tnres. Ho 
beboies \ ray is of value before opoiiition m order to dimmish tho swo of the 
tumor, and also after operation Monroo Wolf, Now Orleans, iireseiitod muro 
scoptc sillies of several cases obsciiod in tho Charity Hospital reteatiy 


Diagnosis, a ResponslblUty of tho Surgeon, Chairiinin's Address— Tho cliair 
man’s address was read by Lloyd Noland, ran field, Ala Ho ompiiasi/ed tho 
fact that diagnosis has often been relegated to the phism.m, the surgton therehy 
merely carrying out the tcUmu-nl protuluro, Thmo li.is biea unduo emphasH plmid 
upon operatno details by surgeons The snrgeoii’s h.iml still remains the moat 
important diagnostic tool; the history ami other dmgnosln methods lamwt ho mg 
ieeted, but tho surgeon’s examinafiou is the most inlu.ibic 


Cancer of tho Lung of Long Duration, Alfred GoIUm.an, San 1’ram.is. o ~Cn-« 
histones were uted imluatmg tint i.iiuer of the bmg mij Imre i long < imn d 
ourse Eleien la-os were found in wluth the disi.i'-o liitui muro ih m two ,i( irs. 
'fdmmnrns otourrut ehieilj m jomig wotmii, lUrcmom is m ojihr mifis I'l riplii r.il 
cinumscribul tumors grow more slowh and ofl. r (ho ia-.t .fiuuo for surged 


cures 


, 1 Ar,oroath to Hynettonsion, Ocra do Takata md How.ird E. Heyor, 
Thosureica ,upr.id. iphri„.n , mfr id. .phn.gm a„ , ,md 

Chn.igo— Uc tunc svitnm-. \i-ulif imjlmts to tiw holiu), ami 

tr.uisdiaphr.ignntm ,^utions, the U m-b il.Ur mmali a.tmn „f 

nephri.i.tom>. me i - 
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Smithvfick gave the only real reductions of high blood pressure. The value and 
place of vascular implants to the kidney are still unclear. Nephrectomy in one 
case was successful for at least ten. months. Early cases of hypertension respond 
most satisfactorily; the operation was of no value in malignant hypertension. 


Keginald H. Smithwick, Boston, described his technique. He has found that 
of 66 eases with partial denervation of the splanchnic bed, only 9.1 per cent had 
good results. Of 38 cases with complete splanchnic denervation, 71 per cent bad 
significant and persistent lowering of the blood pressure. Several of these greatly 
improved patients had malignant hypertension. Peter Heinbecfcer, St. Louis, 
doubted the necessity of so extensive denervation in early cases. E. A. Kahn, 
Arm Arbor, Mich., pointed out that of 700 cases operated upon by Beet’s supra- 
diaphragmatic approach, 33 per cent are living five years afterward. 

Phlebitis and Pulmonary Embolism, Claude E. Welch and Henry H. Paxon, 
Boston. — The methods of therapy of phlebitis were considered. Emboli occurred 
in one-third of the patients who had deep phlebitis of the leg, and fatal emboli 
in 1 out of 25. The incidence of fatal emboli increased with age. The venogram 
is valuable as a means of diagnosis. Ligation and dinsion of the saphenous vein 
is recommended for acute superficial phlebitis. For deep phlebitis, ligation and 
division of the femoral vein in patients over 40 years of age is indicated. Below 
that age, conservative measures should be supplemented by novocain injection of 
the lumbar ganglia. Ligation is indicated at any age if infarcts have occurred. 
In a group of 33 patients who have had ligation of the femoral vein, in whom 
there were thirty-sis preoperative infarcts, only one probable infarct has been ob- 
served since operation. 


Alton Ochsner, New Orleans, in the discussion, emphasized the importance of 
distinguishing thrombophlebitis and phlebothrombosis. In the former, relief of 
temperature and edema is rapid after novocain block. Pain is permanently re- 
lieved in 90 per cent of the patients after the first injection, while the fever sub- 
sides in 64 per cent of the cases within forty-eight hours. It is in the latter 
group that one must be on guard for pulmonary emboli, and it is here that vein 
ligation is important. Conrad E. Lam. Detroit, has treated phlebitis and pnl- 
monary infarcts with lieparin since April, 1939. Thirty-two patients who had had 
emboli recovered without further incident. One had a fatal embolus after treat- 
ment. Heparin can now be given cheaply enough to justify its use. Dr. Paxon 
pointed out that only 5.5 per cent of patients with fatal emboli have demonstrable 
phlebitis. It is therefore important that more attention be paid to the diagnosis 
of asymptomatic thrombosis that precedes fatal emboli. 


The Mechanism of Delayed Wound Healing in the Presence of Hypopioteinemia. 
Jonathon E, Rhoads and M. T. Pliegelman, Philadelphia. — Studies on wound heal- 
ing wore presented. In the presence of hypoproteincmia, fibroplasia is markedly 
slowed in the experimental animal, provided the deficiency is produced bv a low 
protein diet or plasmapheresis. However, if the' hypoproteincmia is prod’uccd by 
repeatcl infusions of acacia solution, or if acacia j.s administered to dov^ ndth 
low protein levels, the fibropla.sla may be brought hack nearly to normal'’ Thus 
nearly normal healing has been observed in some animals, in uhom the corun, 
protein wa.s only 1.9 per cent. ■" ^ 


Char es G. Joh^ton. Detrort, s ated that in his cases most wound disruptions 
occurred .n pat.en s who had p,str.c or duodenal disease with diet.s low in vi,.amin 
<• and pro.e.m here ,s no ther.apcutio indication for the ad.ainislration o 22 
acae.a postoporatnely. I. S. Bavilia. Philadelphia, emphasized the necessiev of 
um.nta.n.ng the anatonucal and physiologic integrity of operative wound 
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streiigtii IS greater, and no allergic manifestations develop. Sinuses in tlie presence 
of infection are rare. It is now used in lieniia-s, breasts, thyroids, and about one-half 
of the clean abdominal wounds. It is much safer than catgut, since catgut is very 
often infected. John M. Ferris, Ann Arbor, Mich., cited e.xperinients in which 
cotton, silk, and catgut sutures were introduced into the anterior chambers of rab- 
bits' eyes. Nearly complete blindness developed after the catgut, wliile very low 
cell counts wore encountered after silk and cotton. Dr. Dong mentioned the u.se 
of cotton in gynecologic repairs. J. E. Cannaday, Charleston, W. Va., expressed 
his satisfaction ivith cotton. Alton Ochsner, New Orleans, illustrated the preferred 
method of sterilization. The sutures are first cut to the proper length and then 
placed in sterile test tubes and sterilized. If wrapped on rubber spools, some of 
the cotton fibers may be ruptured as they contract on sterilization. He prefers cotton 
in contaminated wounds, above all others. 


Embryoma of the Badney (Wilms’ Tumor), William E. Ladd and Robert E. 
White, Boston. — A series of 60 cases of enibrj'oma of the kidney observed in the 
Children’s Hospital was discussed. It is a disease of the first 3 years of life. The 
tumors vary greatly, histologically. They are nearly always radiosensitive. Imme- 
diate operation, without preoperative x-ray therapy, is advisable, because of the 
danger of early metastasis. A preliminary pyelogram is taken to be sure of the 
jiresence of a normal contralateral kidney. The transperitoneal approach is pre- 
ferred. The renal vessels are ligated before any mobilization of the tumor is done. 
The perirenal fat is removed ivith the kidney. Of the 60 cases, the operative 
mortality was 3.3 per cent; 18 patients are still living, 14 of them being probable 
cures. Recurrence always was noted before the eighth postoperative month, if it 
was to occur, except 1 case that recurred at twenty months. A two-year cure there- 
fore seems to be significant. The size of the tumor does not appear to alter the 
prognosis, but younger patients have a better outlook than older. Postoperative 
x-ray for recurrence is of palliative value, but wiU not destroy all the tumor cells. 


James T. Priestley, Rochester, Minn., in the discussion, stated that of 39 pa- 
tients treated in the Mayo Clinic, there arc 6 (15 per cent) five-year cures. He 
believes x-ray is of value before operation in order to diminish the size of the 
tumor, and also after operation. Monroe Wolf, New Orleans, presented micro- 
scopic slides of several cases observed in the Charity Hospital recently. 


Diagnosis, a Sesponsiiility of the Surgeon, Chairman’s Address . — The chair- 
man’s address was read by Lloyd Noland, Fairfield, Ala. He emphasized the 
fact that diagnosis has often been relegated to the physician, the surgeon tJiereby 
merely carrying out the technical procedure. There has been undue emphasis placed 
upon operative details by surgeons. The surgeon’s hand still remains the most 
important diagnostic tool; the history and other diagnostic methods cannot be neg- 
lected, but the surgeon’s examination is the most valuable. 

Cancer of the Lung of Long Duration, Alfred Goldman, San Francisco. — Case 
histories were cited indicating that cancer of the lung may have a long clinical 
Eleven cases were found in which the disease lasted more than two years. 
tXnomas occurred chiefly in young women, carcinomas in older malc.s. Peripheral 
circumscribed tumors grow more slowly and offer the best chance for surgical 


cures. 


Quraical Approach to Hypertension, Geza de Takats and Howard E. Heyer, 
The faurs employed supradiaphragmatic, infradiaphragmalic, and 

Cliicago.— De nerve sections, vascular implants to the kidney, and 

trausdiaphragniatic splan bn ne 


nephrectomy. 


Of the splanclmic nerve sections, the transdiaphraginatic section of 
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followed by implantation of 5 to 20 Gm. of sulfanilamide. The wounds were 
closed unless they were over twelve hours old, or if there was too much soft tissue 
damage to allow closure. Postoperatively, sulfatliiazole was giren at the rate of 
1 6m. every four hours as soon as nausea ceased. It was found that the per- 
centage of nonunion was not influenced by sulfamlamide. The incidence of pyogenic 
infection has been reduced from 33 to IS per cent. In the cases that became in- 
fected, the infections were not so severe as they were before sulfanilamide. The 
use of sulfanilamide has greatly increased the number of pnmarj^ open reductions 
and closures. 

Harold E. Bohlman, Baltimore, in discussion, emphasized the treatment of 
shock and the use of local or regional block, and careful wound toilet. He belieies 
bullet wounds should be opened and carefully cleaned. Entirely too mncli tissue 
has been removed by debridement. Tension must be avoided at all times, cspeciaaly 
since gas gangrene develops as a result of disturbance of circulation. J. E. 
Cannaday, Charleston, W. Va., has found markedly improved results with com- 
pound fractures from the use of sulfanilamide. 

The Splinting of Compound Practutes, Trank J. Cox, Hew' Orleans. — The various 
methods of splinting that may be employed for compound fractures were described 
in detail. For the lower extremity, the Thomas splint with the clove hitch for 
traction is used. The hitch should be replaced by a skewer through the bottom 
of the shoe if traction is to be continued for some time. Fixed traction in open 
splints may be maintained by means of two pins attached to the Thomas splint. 
Eussels’ traction is to be continued for some time. Fixed traction in open splints 
may be maintained by means of two pms attached to the Thomas splint. Bussels* 
traction is not advisable for compound fractures smee dressings are difBcult. For 
the upper extremity a Jones arm splint may be used for transportation traction. 
Traction through the olecranon is often valuable. Eoger Anderson’s multiple pin 
method was discussed. 


H. A. Swart, Charleston, YT, Va., illustrated a new splint he has developed for 
the upper extremity. 


Chemotherapy in the Treatment of Compound Fractures, Eex L. Diveley Kan- 
•sas City.~Dr. Divcley presented ius plan of therapy for osteomyelitis-oral ad- 
ministration of sulfatUiazole to produce a blood level of a mg. for several day, 
followed by a thorough local operation, with local implantation of suifatluazol^ 
wound closure, and postoperative oral administration of the drug, usually for two 
weeks. Fifty 'ux cases have now been tre.ited that way, of which le were com- 
pound fractures Of the series, 53 healed by primary intention, 2 others healed 
but extremely siowlv, .iiul 1 cave was a failure. The average total dose of sulfa' 
tUiarole was 57 4 Gni., the Wood concentration, 4.3 mg. per cent; the amount of 
drug impi.mtcd locally, 1.9 Gni.; and the healing time, 2l.c days 


Etaucia M McKeever. Los Angeles, i„ d.scussion, Hated that 71 per cent of 
T,5 patients with large wounds and compound fractures deielopcd infection. me„ 
chemotiiorapv was employed in .i similar group, 6 cases remained clean «!.,!„ o , . 
owe bciauw iiifis toil. Eobert W, Johnson, Jr Baltinmri s,i • i i ^ 

fa„dawi.de in compound fractures rreafed Jh 

coccus are the most .iangerous contaminants- in "i -^frepto- 

to be absent, sutfatb.a/oi; is better ' " >'«««■* 
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Similarities and Distinctions Between Shock and the Bifects of Hemorrhages, 
Virgil H. Moon, D. E. Morgan, Marshall M. Lieber, and Donald J. McGrew, 
Philadelphia, ^The clinical munitcatations of shock and hemorrhage ate identical 
in many respects, but tliere are important differences. Shock is marked by an 
increased flow of lympli due to leakage of plasma through capillary walls. Edema, 
serous effusions, and vi.sccral peteehiae occur, while they ai'e not found after hemor- 
rhage. During shock the urine volume is decreased and contains albumin, red cells, 
and casts; during or after hemorrhage no characteristic changes occur. In shock, 
the red blood cell count is increased, while it is decreased after hemorrhage. It is 
suggested that contradictory flndings have been obtained by other investigators 
because of the use of anesthetics during experiments. It is also to be noted that 
for animals in shock, a little hemorrhage is very dangerous. 

Henry H. Harkins, Detroit, discussing the paper, stated that it is his belief 
that hemorrhage and shock are not the same, but that hemorrhage may lead to 
shock. Thus transfusions arc not effective in the late stages of hemorrhage, just 
as the case is with shock. If the blood pressure is kept down for long periods 
from hemorrhage, the changes at autopsy are the same as those of shock. Even 
if shock differs from hemorrhage, from the point of view of the patient it makes 
little difference, since restoration of fluid is the only therapeutic measure available. 


Traumatic Eupture of the Intestine Due to Nonpenetrating Wounds of the 
Abdomen, D. Henry Boer and Ira A. Tergnson, Atlanta, Ga., and Edward Woliver, 
Cincinnati, Ohio. — In a series of 1,17(5 cases in the literature, the total mortality 
was 72.1 per cent; the operative mortality in the 1,014 subjected to surgery was 
59.5 per cent. Thirty-six cases were observed by the authors. Prompt operation 
was shown to be essential. Abdominal pain, and tenderness were the most im- 
portant symptoms. They were often insignificant at first, but increased rapidly. 
Nausea was the next most common symptom. The pulse rate rises steadily. Eree 
gas under the diaphragm was rare. E.vternal evidence of injury was present in 
only IG out of the 36 patients. A decision for operation must often be based 
on. intelligent suspicion. The important operative procedures are closure of per- 
forations, resection, and exteriorization. 


W. D. Estes, Jr., Bethlehem, Pa., io the discussion, .said that the low incidence 
of this lesion is shown by the fact that only 1.4 per cent of the ca.ses in his clinic 
were those of abdominal trauma. Tlic cases are divided into three groups. In the 
most severe no operation is indicated; in another, the diagnosis is easy, and im- 
mediate operation done. In the last the diagnosis is difficult. These patients 
must be observed by the same, competent surgeon, and a blood count made every 
thirty minutes. No opiate is to be given. The type of trauma that is most to 
be feared is a circumscribed blow, a kick or a fall against a projecting object. 


Tiesh Compound Fractures: Treatment by Sulfa-Drugs and by Internal Fixa- 
tion in Selected Cases, "Willis C. Campbell (dccca.sed) and Hugh Smith, Idemphi.s, 

rjjjg therapy employed in a series of 143 patient.s with oompound fractures 

debridement, irrigation, implant.-ition of sulfanilamide, and closure of the 
d with internal fixation if indicated. Internal fi.xafiou was used in 42 eases; 
y'’, ’ onized that this enhanced the risk of nonunion, althougli it ii.od no ad- 
it IS infection. The ca-se-s were divided accoriling to .severity of the 

verse e cases superficial debridement was done and the wound cleaned, 

injury. In >e ghots were treated a.s closed fractures; no prohijjg was 

but not Shotgun injuries, on the other hand, were u.sually asaoeiuted 

done for the bu e . moderate and severe cases complete deei) debridement was 

with severe fractures, r 
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Williams' Obstetrics: A Textbook for the XJ'se of Students and Practitioners. 

Bj Heniicus J Stander Ed. S. Pp 1,401, uith 704 illustrations. Neu York, 

1941, D Appleton Centuij Co. 

This eighth edition, Stander’s second revision, of Dr 'Williams’ textbook on 
obstetrics continues the classic presentation of its subject matter While much 
of the material has been completely reiased, it retains unmistakable earmarks 
of Dr. Williams’ style and ease of presentation In spite of the publication of 
several other texts on obstetrics during the past ten years, this one persists in 
being head and shoulders above any other It is ideal for the student and 
practitioner as well For those not interested in historical data and theoretical 
considerations, these are now easily separated since they appear in small type 

Many of the original illustrations have been replaced and a host of new ones 
appear, all from the hand of a competent medical illustrator The text itself 
has been almost completely rewritten, with the result that little of the original 
remains unaltered The section on embryology now conforms to the newer 
ideas of Streeter and Hartman The mechanism of labor embraces the roent 
genologic findings of Caldwell and Maloy The toxemias of pregnancy are 
classified and discussed aeeoiding to the new classification of the American 
Committee on Maternal Health, a step in the direction of ultimate national 
standardization of the criteria for diagnosing these diseases Eoentgenologic 
pelvimetry is discussed in detail The treatment of puerperal infection and 
certain other infectious processes complicating pregnancy and the puerpenuni 
includes the newer concepts of chemotherapy The chapters on diseases of the 
urinary system and endocrinology have been virtually rewritten Thus, this 
revised edition has been brought up to date with all recent advances pertaining 
to physiology and pathology of gestation and to medical and surgical eomplica 
tions of pregnancy and the puerperium. 


The Eole of the Liver in Surgery By Frederick F Boyce, M D Pp SG5, with 

44 illustrations .Springfield, 111 , 1941, Charles C Thomas, Publisher. 53 00. 

Boyce’s monogiaph, TJie Hole of the Liver m Surgery, in 1940 was auarded the 
quinquennial Samuel D Gross Prize for research in surgery by the Philadelphia 
Academy of Siirgerv The monograph uas published in accordance with the 
stipulations of the Samuel D Gross Prize Auard As stated in the preface, one 
of the stipulations of this award is that the inonogr.iph shall be the report of 
the research uork of a single individual .Vs also stated in the preface it 
was the express desire ot the Gross Prize Committee of the Philadelphia Academy 
of Surgery that the monograph be presented exactly as submitted, on Jan 1 
1910, except for minor oditori.il changes and the addition of new work on the 
bleeding tendenev in non born children (Chapter Till) 

This monograph pi ices tinielj emphasis on a number of important aspects of 
liver tuiution and liver diseise, particularly as they relate to surgery For 
example there is an excellent discussion of the hepatoren.i] syndrome which is 
a rcl.itiveh frequent postoperative hepatic complication and which has not been 
given suthc.ent attention in the past The relation of sulfanilamide to the 
produ. tion of liver .1 image .ind yiiindae, both before and after operation, ,s ouite 
properh stressed Ihis sevtion of the monogciph contains a well rounded dis 
lussioi, and snrvev of the literature on so c, lied "postoper.ative liver death ’’ 
Considerable itti ntioii is given to the siih,....f . 

Hov.e s p ist stmlns. is sumi.nr.ztd m ,l,c present uioiiog^^rLe'di .U "hmfiv 

»lule‘’Tct ^“dmtTnairw?r!h 

monograph Boyvo his evidently employed hut^wo'^tir mSodTof testin' 
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Surgery of the Hand. By B. M. Handfield-Jones, M.C., HI.S., P.B.O.S. Pp. 135, 
with 95 illustrations, including several in color. Baltimore, 1940, Williams 
and Wilkins Co. $4.50. 

This readable little book has been clearly and .concisely written. It is 
primarily for the general practitioner and, therefore, somewhat didactic in 
nature. The anatomical descriptions and drawings are clear and concise, and 
elucidate some points which most authors have left a little cloudy. In a few 
respects, the author’s advice is counter to the practice in this country, such as 
in swabbing lacerations with iodine, omitting elevation of the extremity in 
lymphangitis, and elimination of toxins of infection by purgation, but on the 
whole, the therapy is excellent. 

This book makes a pleasant evening’s reading, and is indexed for reference 
purposes. It should be of value, both to the student and to the practitioner. 


Age Morphology of Primary Tubercles. By Henry C. Sweany, M.D. Cloth. Pp. 
258, with 73 illustrations. Springfield, 111., 1941, Charles C Thomas, Publisher. 
$5.00. 


This is a monograph of 252 pages, extensively illustrated with charts, re- 
productions of roentgenograms, and many excellent photomicrographs; it is the 
product of a great deal of painstaking pathologic work correlated with careful 
analyses of case histories. 

Sweany’s thesis is that primary tubercles, over a period of years, go through 
a morphologic evolution, whose stages follow, within certain limits, a definite 
time schedule. By studying primary lesions at po.st mortem in the lungs of 
individuals whose original contact with tubercle bacilli can be dated with fair 
accuracy, he constructs, in the first throe chapters, a timetable for the patho- 
logic changes which take place in these tubercles. 

The next four chapters apply this timetable by estimating from it the age 
of calcified primary foci found at necropsy, and thus attempting, for example, 
to date the initial infection of an individual whose history indicates two or 
three separate episodes, one of which may have represented the occurrence of a 
primary lesion. Finally, a series of living patients is presented, in whom, through 
serial roentgenograms, it is possible to follow the evolution of primary infections 
of various types; and the author attempts to correlate these x-ray changes 
with the pathologic data presented earlier, but recognizes that this can bo done 
only to a very limited extent. 

In summary, then, this monograph describes a remarkably complete pathologic 
dv of “first infection’’ tuberculosis, and an interesting new approach to 
tl" subiect through analysis of age morphology. It seem.s possible that the 
thod may become useful as a tool in studying the pathogenesis of tuber- 
. fgjtain well-documented cases. At present (.as the author himself 
culosis in little practic.al clinical application, but it teaches 

states;, r ..i:.,,..? 


at least one 


valuable clinical lesson: the old calcified tuberculous focus which 


'healed,’’ undergoes changes for many years, and in the 
:r mav unuer some circ' 

L^^rcT'of enSenous reinfection. 


one assumes to circumstances become potentially dangerous as a 
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Original Communications 


CEREBRAL ANGIOGRAPHY^ 

Jesus iLv. S.vxchez-Perez, 

Madrid, Sp.vix 

fFro.. the Deparunent of Xeurosurpery, McGill University. Montreal. Qnehee) 

yVMONG the procedures for exploration of the central nervous system 
A and, particularly, of the brain, we must include angio^iap 

It was in 1926 tliat Dr. Egas Honiz, the present Professor ot the Jledi- 
cal School at Lisbon, conceived the idea of extending radiographic ex- 
ploration to the study of the arteries of the brain by the introduction o 
some harmless substance of greater opacity than the mineral salts of 
the skull. In this way he hoped to picture the anatomico uiictional ar- 
rangement of the arteries. The term radiodiaphoric method (mctodo- 
radio-diaphorko) was proposed when it was applied to the irain. 

He bewail bv filling glass tubes, approximately equal in diameter to the 
eerebr-irarteries, with solutions of sodium iodide and other metallic salts 
in various concentrations. These tubes were introduced into the cranium 
of a corpse and x-ray pictures made immediately. He found that the 
tubes became better visualized the greater the concentration of the solu- 
tion -Vfter adopting a definite strength of solution, capable ot giving 
tlie desired contrast, lie eontimied Ills experiment.s on corpses, and not 
without great difficulty .succeeded in obtaining the first arteriogram of 
the brain. Tliis. while satisfactory for the study of topographical anat- 
omv did not fulfill his hoiie.s. Not wishing to abandon the idea, he con- 
tinued with analogous experiments in living animals (dogs, eats, mon- 
kevs etc.) with the intention of apiilying this new method to the diag- 
nosi.s of diseases of the brain in the human being. Further experiments 
enabled him to select a barmle.ss solution of sufficient opacity for use 
in the clinic. On June 2S, 1927, for the fii-st time he injected into a 
patient 6 c.c. of 25 per cent .sodium iodide .solution and obtained the first 

• boforp tlip nu i'tin^T of t?u* Society of XiL-urolos^y ;m'I Xouro*ur;;c'ry in th«* 

Insilintp. ^fonlreal. 
tor imhlicaHon, Ft:b. *>, 13tl# 
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liver function; namely, the broinsulplialein and the bilirubin tolerance tests. 
Neither of these, of course, are of much, if any, value in the patient who is 
moie than a little jaundiced. All thi'ee of the tests are sufficiently involved 
that they are not well suited to serial study. In this respect, more emphasis 
might well have been placed upon the value of serial qualitative urine uro- 
bilinogen tests. Boyce recognizes that it is impossible to rely upon any one 
test alone in the clinical study of liver function. 

The monograph contains an excellent discussion of the hemorrhagic tendency 
in jaundiced patients, and its treatment by vitamin IC. Included in this dis- 
cussion is a summary of Boyce’s studies of the serum volume index'. These 
have aided greatly in clarifying the relationship between hypoprothroinbinemia 
and the defective clot formation in jaundice. 

The importance of fatty liver in increasing postoperative mortality is touched 
upon briefly by mention of Ravdin’s important studies of this question. Some 
di.scussion of the relation of riboflavin, cholin, and lipocaic to the problem of 
fatty liver might well have been included. 

The material composing the monograph is well organized, and the illustrations 
are clear, and, for the most part, well selected. 


Clinical Urology. By 0. S. Lowsley and T. J. Kirwin. Two volumes, pp. 16SI, 

with 365 illustrations. Baltimore, 1940, ‘tYilliams & IVilkins Co. $10 per set. 

These boohs cover their field quite adequately. While the introduction rec- 
ommends them particularly to medical students, general practitioners, and general 
surgeons, they will repay study by the urologist as well. The two outstanding 
features are the wealth of excellent illustrations by Didusch, and the rather 
extensive bibliographies. These two alone are worth the cost of the volumes. 

There are excellent sections on diagnostic roentgenology, the simpler laboratory 
procedures, anesthesia, and irradiation therapy, in addition to the customary 
discussion of history taking, general and special instrumental examinations, 
and the various diseases and disorders. Surgical therapy is covered about as 
thoroughly as possible considering the size of the books. The discussion of 
prostatic surgery is remarkably temperate and sound, if one ignores the authors 
recommendation of subtotal (semiradical) perineal prostatectomy in certain cases 
of benign hypertrophy. 

The relation of diet and urinary pH to lithiasis and infection are covered. 

Lest the reader suspect that the reviewer is in the pay of the authors or 
publishers, it is well to point out certain defects in the work. One might, 

I think, be justified in drawing attention to a noticeable tendency to over- 
emphasize the works, instruments, and pet contraptions of the authors, although 
one must admit that others are there, too. The old fable of the danger of sudden 
emptying of the bladder is again handed down to posterity, together with the 
standard apparatus for its prevention (or for salving the physician’s conscience 
if anything goes wrong!). Neurogenic vesical dysfunction is inadequately dis- 
cussed One could also wish that publication had been late enough to permit 
a discussion of sulfapyridine and sulfathiazole in gonorrhea. 
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Toward the end of 1931 there appeared a product which consisted of 
a 25 per cent solution of thorium dioxide wliieh promised to give a 
greater contrast in the radiographic exploration of fistulas and the or- 
gans for which it was recommended; i.e., renal pehds, ureter, bladder, 
and urethra. 'Warning was given that its intravenous administration 
was contraindicated. When Bgas learned of this new prepai’ation and 
observed the satisfactory contrasts which were obtained with it, he 
carried out repeated experiments on the possibility of injecting it intra- 
arterially without danger, and finally decided to utilize it in clinical 
eases. 

On Dec. 5, 1931, he and his co-workers published their first work on 
the use of thorium dioxide for cerebral angiograms.^ 

From this date on, he has abandoned the use of sodium iodide and 
has substituted the colloidal suspension of thozlum dioxide. The greater 
tolerance of the organism for this preparation permits greater quan- 
tities to be administered and, consequently, allows clearer and brighter 
pictures. This allows us today to obtain cerebral arteriograms of great 
utility in the diagnosis, localization, and delimitation of lesions of the 
brain. 

CEREOKAL PHGEBOGKAfHV 

On Dee. 19, 1931, Egas accidentally succeeded hi obtaining the fii-st 
cerebral phlebogram. After injecting the thorotrast (dioxido de torio) 
into the common carotid artery, the roentgen operator delayed in maldng 
the plate and, when it was developed, it was observed that the cerebral 
veins had been photographed. The development of cerebral phlebog- 
raphy has been brief, since, after this accidental find, it was not possible 
to obtain systematic radiographs of the cerebral veins until Nov. 11, 
1935. 

Egas’ work on cerebral phlebogimphy was erj'stallized in a mono- 
graph published in 1934:.^ Since then cerebral phlebography has been 
considei'cd as a necessary complement to eomjilete angiographic ex- 
ploration of the brain. Cai’eful studies show that the venous circulation 
of the brain has two very distinct pha.ses, the firat and second, which are 
distinguished by the various venous groups which the radiographic plate 
registers. Thus, in the first phase the ascending and descending veins 
are involved and in the second, the superior longitudinal sinus, the 
ampulla and veins of Galen, the straight sinus, the lateral sinus, the 
toi’cular Hei’opliili, and the veins of Lahbe. 

After tliis brief resume in wliich have been noted the priority of the 
diseoverj’ and the development of the complete angiographieal tech- 
nique of the brain by Egas, I am happy to state that in 1935 at the 
congress held in Sweden by the Neurological Surgeons, the committee 
of the xXenroIogieal Society of Great Britain resolved to express to 
Professor Egas its satisfaction and thanks for his great service to 
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aiteriograms without observing the least disturbance from the injection. 
Encouraged by this success, he continued with his expei’iments and 
at the same time attempted to simplify the surgical technique for injec- 
tion of the opaque solutions. 

In July, 1928, the Neurological Society (Societe de neurologic) of 
Paris in the first number of its review published a paper by Egas^ on 
radiodiaphorie methods in the localization of cerebral tumors. 

At this time he had already obtained fifty arteriogz’ams bj'’ injecting 
the opaque preparation into the common carotid without an}'’ accidents 
occurring, but witli a more complex surgical technique than the one we 
employ today, since transitory ligatures of the external and common 
carotids were neeessaiy in order to insure that the whole quantity of 
liquid injected would pass only to the cerebral blood vessels. 


Prom 1927 until 1931 he continued his experiments uninterrupted!}', 
trying different positions of the head, since, according to the greater 
or lesser inclination of the cranium in relation to the horizontal plane 
of the x-ray jolate, the results obtained varied in regard to the greatm- 
or lesser precision of the arterial outlines. The technique ivas improved 
by degrees until arteriograms of great utility in the diagnosis of cerebral 
tumors were obtained. 

For this he made izse of every resoux’ce ; for example, when a patient 
clinically diagnosed as having a cerebral tumor died, he immediately 
injected into the common carotid 8 c.c. of a 100 per cent solution of 
sodium iodide, obtaining immediately two x-ray pictures for comparison 
with those which had been obtained from patients diagnosed as “mental 
eases ’ ’ but in w'hom the arrangement of tJie arteries had been considered 
normal. 

In 1931, and after repeated studies carried out in vitro, he con- 
cluded that the sodium iodide solution did not become diluted in the 


arteries but preserved its concentration almost intact. Later on, 
Reinaldo Dosantos, Bgas’ collaboratoi’, praised the use of abrodil as a 
substitute for sodium iodide and used it in a 45 per cent solution. 
They made their first trial witli this nezv contrast medium, injecting it 
into the common carotid of a patient diagnosed as having a cerebral 
tumor which could not be localized clinically. With tlie arteriograms ob- 
tained by this technique tliey were able to make a diagnosis of frontal 
lobe tumor. In the same year the Japanese professors, iMakoto Saito 
and Eazunori Kamizawa,= prepared different formulas, all witli a base 
of lipiodol, and got satisfactory results according to their description. 

■ 1 ? what has preceded, one can realize that all the investigators 
d to arrive at a simpler surgical technique and sharp radio- 
have tiie substitute for the radio-opaque solution 

graphic expos which might be better tolerated and which might 

some other prepara 

also give better K.»yp.« 
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in making just one injection suffice for taking the three radiograms of 
arteries, small veins, and large venous trunks. 

The operative technique is as follows: The patient is prepared on 
the x-ray table. Local anesthesia is obtained by injecting about 10 c.e. 
of a solution of novocain, sulfate of potassium, and adrenalin ; only for 
verv agitated patients or children is general anesthesia necessary. An 
incision of from 2.5 to 3 cm. is made in the neck parallel to the collar 
bone about 3 or 4 cm. above it and about 4 or 5 em. from the midline, 
corresponding approximately to the space which exists between the two 
heads of the sternocleidomastoideus. In pneral, it is easy to recognize 
it by simple inspection or in obese subjects by palpation. ^ It is ad- 
visable to make the incision coincide with one of the creases in the skin 
of the neck so that the scar will be less evident and, after some time, 
almost invisible. The incision is made through the skin, the sub- 
cutaneous tissue, and the platysma, leaving open the little triangle 
formed by the two fascicles of the sternocleidomastoideus and the collar 

bone. 

"With curved scissors, the points of which fit together perfectly ana 
have no rough seam, one proceeds with the dissection of the fascicles of 
the sternocleidomastoideus, introducing the scissors between the two 
and spreading them. Tliis maneuver is repeated until the carotid 
sheath is exposed, when two retractors are placed in tlie incision and 
separated with tlie olijcet of exposing the bottom where the neiiro- 
vascular packet runs. Thus, it is easy to recognize the common carotid 
artery by its pulsation. 'I'lie artery is now punctured without opening 
the fascia of the vascular jiaeket. 

This done, one places under the head of the patient any appliance 
which will allow tlie impre.ssion of three or more plates without chang- 
iim the position oi’ the patient. We use wdth success the escamoteador 
designed by Jloniz, consisting of a box ivith an aluminum lid in ivliieh 
are placed'three cluisics containing the x-ray plates and separated from 
each other by lead jilates. The small cost of this apparatus is an ad- 
vantage and it (ills in every manner the uses for w'hich it was constructed. 
Nevertliele.ss, we know of another apparatus with an American patent 
capable of exposing seventeen films with an interval of a second between 
each, but its great cost docs not make it very practicable in Spain. 

The patient’s head is placed on tlie escamoteador and must be kept 
in good position, which can easily be obtained by passing over the head 
a wide gauze band. The face rests on the dry plate, the side exposed 
being marked on the plate with an initial. 

At the moment when the x-ray operator starts the roentgen-ray 
machine, the surgeon introduces the needle into the artery and rapidly 
injects the colloid contained in the syringe. During the injection one 
of the a.ssislants must watch carefully the volume of thorotrast which 
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science and for his valuable contribution to our knowledge of the 
physiology of the intracranial circulation. 


TECHNIQUE 


During my stay in the Montreal NeiU’ologieal Institute, I was charged 
for eight months with tlie study of the collateral circulation of the 
brain witli the purpose of investigating the possible formation of 
softened zones by iseliemia which was artificially produced by ligature 
of different vessels with silver clips, cai’efully placed in order not to 
provoke local anatomical altei'ations. In order to carry out these ex- 
periments it was necessary to resort to cerebral angiograms which were 
obtained by injecting into the eonunon carotid arteries of eats and 
medium-sized monkeys a colloidal suspension of thorotrast. In order 
to obtain complete and exact knowledge of the technique I was advised 
to go to the clinic of the Medical School at Lisbon under the direction 
of Professor Egas. I w'orked for nine months in this school, attending a 
special course of twenty-five lessons on cerebral angiography given hj" 
Moniz, ivho not only gave me his valuable personal cooperation but, in 
addition, was kind enough to place at my disposal the aid of his per- 
sonnel and clinical material with rvhich I was able personally to make 
numerous cerebral angiograms on human beings. 

Since my return I have felt the desirability of demonstrating the 
utility which I believe this new method has for the careful study of 
neurological eases since, despite its harmlessness and ease of execution, 
it has not entered into the common practice of the doctors of this country. 

I have been fortunate in having inspiration and financial help from 
my teacher, Professor Cardenal; sound advice and affectionate clinical 
collaboration from the illustrious exponent of neurology in Spain, 
Dr. G. Lafora; the experience of his specialty as professor of radiology 
from Dr. Martin Crespo ; and the unselfish help of my fi-iends, Assistant 
Professor Diaz Sarasola and Dr. Escanciano, 


The generic name angiograms has been given to the complete set of 
x-ray pictures of the arteries, capillaides, and veins of the brain after 
a previous injection to make them visible. Thus, for an angiogram to 
be complete it should consist of three parts: arteriography, phlebog- 


raphy of the first phase, and phlebography of the second phase. 

The proof given by cerebral angiography is unquestionably of great 
value because of the diagnostic indications which it offers us. Its tech- 
'nue is of such simple execution that any general clinician, with even 
vera'^e surgical education, will be capable of performing it ivith all 
^ 1 1 ’litv of success. It consists in injecting intra-arterially into the 
^ ' carotid 18 c.e. of thorotrast. The only difficulty presented in 
common ^ strict teamwork among those who take an active part 

practice is a procedure must be perfectly .synchi-onized to succeed 
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With, reference to the localization of cerebral tumors, tiie angiograms 
orientate ns by giving data concerning the displacement of the arteries 
and veins of the brain, occasioned by the increase of volume in the zone 
where the tumor lies. 


XORMAL AXGIOGKAPHV 

111 the preceding discussion the history and technique of cerebral 
angiographj^ have been given ; here I shall describe as clearly as possible 
and with the aid of illustrations the picture of a normal angiogram, 
with the object of facilitating an understanding of the material to fol- 
low. I shall treat only of lateral projection, ivliich is the one that in- 
terests us most in diagnosis, because it is here that one sees most clearly 
the alterations and deviations which the cerebral vessels undergo and 
from which the diagnosis is deduced. 

Consequently, I shall discuss arteriography and normal first and sec- 
ond phases of plilebography, simplifying the sketches as much as pos- 
sible, but without omitting in them any data which might have impor- 
tance or the absence of which might falsify the vascular position and 
relationships. 

1. Cerebral Arteriooraphy . — In the arteriograpliical images the in- 
ternal carotid artery is presented, in its cerebral portion describing 
some cui'ves called carotid siphon. 

In the majority of eases the carotid siphon is a double siphon, de- 
termined by the undulations of the internal carotid artery; in some in- 
stances this siphon may not be completely double. 

Prom the carotid siphon tliere emerges a very short artery, the artery 
of Sylvius, which immediately after its starting point divides into three 
branches; the posterior temporal arteiy, which is the artery with a curva- 
ture; the middle artery; and tlie posterior parietal artery. These three 
arteries form what we call tlie Sylvian group, whose position is of great 
interest to the diagnostician. In Figs. 1 and 2 we can clearly see the 
throe arteries, wiiieh apiiear grouped and follow a horizontal plane. 

Tltere also emerges from the internal carotid tlie anterior choroidal 
artery imdor the artery of S.vivius and at tlie height of tlie emergence 
of tin* carotid siphon. At about ilie same level there emerges the 
ophthalmic- artery, small in normal eases, but of e.vtraordinarv diagnostic 
importance. Continuing witli the carotid siphon, there appears^! tlie 
avteriographieal images the anterior ecrebral arterv, wliieh describes 
a curve of posterior eoncavity, continuing with tlie 'pericallosuni. 

Although in Pigs. 1 and 2 the marginal eallosum is represented bv -i 
single artery, for the pnrpo.se of .simplifyiim the global conception of 'the 
arterial ve.vsels it m-nerally consists of two or three hra.iehes wliieli 
are the prefnmtai, the internal frontal, and the internal frontal parietal 
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enters the artery so that at the moment it reaches 8 or 10 c.c. he can 
advise the x-i'aj' operator to expose the first plate at that instant. The 
second exposure is made two seconds later; the third is made two and 
one-half seconds after the second. In the meantime the assistant places 
the first and second plates under lead protectors. The plates are removed 
and sent for development and preparations are made for a second in- 
jection of thorotrast should the first injection have proved unsatisfactory 
and the visibilit}'^ of the cerebral arteries be incomplete. 

As soon as the injection is finished, the needle is removed from the 
carotid and a wad of gauze is introduced into the bed of the wound. 
When it is certain that the hemorrhage has been stopped, the edges of 
the cutaneous incision are sutured. A surgical dressing terminates the 
operation. 

Although it might appear to be a complicated and difficult operation, 
anyone who carries it out will be convinced that in reality it is not so. 
We have been able to complete it in a short time and have almost always 
been obliged to await the development of the plates by the radiologist 
The entire procedure, including the time used in the operation and the 
development ajid fixation of the films, takes up to about forty minutes. 

A point worthy of mention is that in the majority of eases the patients 
feel no discomfort of any kind, although some complain for a short time 
of pain in region of the incision and of difficulty in swallowing. As an 
exception in some cases there is a slight fever, which never exceeds 38.5° 
C. and which seldom lasts more than forty-eight hours. 

In regard to possible late disturbances from the thorotrast, I have 
not had an extended personal experience, and shall cite the assertions 
of Moniz. He has assured me that, even if the colloidal suspension of 
thorotrast might remain for a long period in the liver and at times 
even in the spleen and the bone marrow, it is improbable that it would 
cause disorders or disturbances of importance to the patients. I believe 
it is of great interest and importance that a eai’eful and systematized 
study be made of the biological proce.sses of elimination of the thoro- 
trast in these patients. 


In addition there exist certain lesions of the brain whose diagnosis was 
impossible or imprecise before the advent of this method of exploration. 
In angiography we have an indisputable method for diagnosing es- 
pecially the encephalic aneurysms and angiomas, as well as for studying 
cerebral hemorrhages caused by trauma. Another chapter of neuro- 
suro-ery of great interest and the study of which would be greatly 
facfiitated by this method is that of the meningeal tumors. Given the 
that the speed of circulation in the vascular terri- 
cuiious is slower than in the normal vc.s.sels of the brain, 

° visualize the tumor in the phlebogram of the second phase, 
we can ‘ , colloid is still in the capillary phase of the 

since the ^ phlebogram) and marks its dimensions and edges. 
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The fii’st phase shows with astonishing regularity a series of vessels 
distributed in a radiating form, the volume increasing as it approaches 
the periphery. In normal cases the phlebography of the first phase 
which, as I have said, is extraordinaidly constant, corresponds almost 
exactly to Pig. 3. 

The second phase shows the great venous trunks clearly outlined: 
the superior longitudinal sinus, describing a curve parallel to the cranial 
vault; and the veins and ampulla of Galen, occupying the posterior and 
middle parts of the brain. The ampulla of Galen curves around 
the splenium and is the principal tributary of the straight sinus. The 
two veins of Galen which with the basilar vein form the ampulla of Galen 
come principally from the veins of the hemispheres and the veins of the 
choroid plexuses of the lateral ventricles. 



Fig. 3. — First pliase pliicbograplij-. 


In the phlebograms the positions of the vein of Galen and the su- 
perior longitudinal sinus are extraordinarily constant. The lateral sinus 
is seen quite frequcntlj’ in union with the posterior part of the vein of 
Labbe, generally very voluminous, both leading into the torcular 
Ilerophili. The inferior lateral sinus eontinues with a curve of inferior 
concavity with the straight sinus; the ampulla of Galen and the vein 
of Galen are between the interior longitudinal sinus and the vein of 
Labbe. 

With this description clarified by the aecomitanying illustrations, 
I have dcserilied as clearly as possible my conception of the Jiabitual 
aspect which normal phlebograms present and in the next followin'' 
shall explain their possible alteratiou.s. ■ ” 


I.NTERl'ltCT.VTlOX OF AXGIOGltAJIS 

Ainong the fundamental changes of position and relationships which 
are ohscrvc.l m the ccrcbnil vessels a.s a result of disease and from the 


•X 
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Therefore, the pericallosuiu and the marginal callosum, both eraerg- 
ing from the anterior cerebral artery, describe a curve and are parallel 
to each other and at the same time parallel to the cranial vault. The 
constancy with which cerebral arteries are found in the position just de- 
scribed makes the study of the accompanying illustrations of great 
importance. 



, Cmirol mehosraphj.--!'^ t»'o ptecs 

2. ve)eoiui _ appear the ascending and dc.scendirig 

a-e considered; m venous trunks, 

reins and in the second the iar„ 
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revealed in the diffex-ent angiograms and ^^hich have been verified in 
patients by surgical opei’ation or by post-mortem, examination. 

Frontal Tumors . — In this first gx’oup I present six arteriograms, ob- 
tained in an equal number of cases of frontal lobe tiunor. In ail of 
them there is, as a eommon alteration, deviation of the anterior fx’ontal 
artery, more or less accented according to the evolution of the growing 
tumor. 

At the same time, there are abnormal modifications of the Sylvian 
group, which in the most severe eases can have the anterior two-thirds 
displaced backward and downwai’d. The shape and position of the 
carotid siphon may also be altered, as can be demonstrated in the first 
of the eases piesented in this group (Pig. 6), where it has been 



Ki,? 6 — Frontal tumor 


I educed to a snn?lo scmicncular posterior ca\it.\ with the disappearance 
of the whole segment desenbed as the tine eaiotid sqjhon .iiulogously 
one can obseiie how the iierieallosiiin and marginal callosum may be 
laised, mfoinuitioii which would indicate tiie interhemispherical in- 
\asioii of the tumor or its hilatei-alisni 

In vascular tumors of this legion, in addition to the arterial displace- 
ments betoic described, one can see the shadow produced bv the nexviy 
formed scvsels which inigate it and whieli in many c.lsc.s cros-s throu-h 
tbe capsule It IS not possible gonczalK to know these xcssels, whik 
aie totally anomalous, aom those which come fioin them, or to know 
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interpretation of which in the great majority of eases one can localize 
the lesions, I place in the foreground expanding lesions which, because 
of their growth, cause displacement and deformities in position and 
shape of the cerebral vessels. I leave until later the vascular tumors 
and aneurysms, believing that in these the interpretation of angiogi'ams 
offers less difficulty. I shall divide my material into various clinical 
groups determined according to the location of the lesions which aie 
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University of Madrid, is the similarity that can occiu’ in the arteriograms 
of low temporal lobe tumors and of tumors of the acoustic nerve when 
the latter are of a sufficient size. The great importance of localization 
in these eases will be understood when one considers that the surgical 
approach is totally different in the two instances, since in the first ease 
the trephination will be subtemporal, while in the second it will be sub- 
occipital. 

Posterior Tumors . — In this group I believe it necessary to make a 
topographical subdivision, on the one hand the tumors which are in 
the occipital lobe and on the other hand those which affect the cerebello- 
pontine angle. "When these latter reach a certain size, they push the 
occipital lobe up and from the arteriographic point of view can give a 
picture similar to that of occipital lobe tumors. 



1 Jf? S — Posterior tumor. 


I hcsc tuniois «no the ciibpljceineut oX (lie posterior third 

.md on occasion of the middle thiul of the Sylvian group, and it is 
curious lo obsene how tins arterial gioup adopts an oblique position 
uluch nmj be \ery marked, the caiotid siphon presenting no modifica- 
tions in forni or dimensions. The pericallosal artery may be seen altered 
in position in its posterior third and on occasions also in its middle 
thud, m the.e cases its normal eurvature becomes altered until the loner 
eoneavity which it normally describes betomes chaiiaed almost into a 
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on which arterial trunk they depend. Phlebograms in frontal tumors 
often present alterations relative to normal phlebograms. 

When the intracranial pressure is very great, the upper and lower 
lateral sinuses are outlined as being greatly increased in dimension and 
accented in degree of opaqueness; these alterations are always more 
marked in the side opposite the tumor. 

Temporal Tumors . — In this group I present five cases whose common 
characteristic is the displacement of the Sylvian group, in greater de- 
gree the larger the tumor. In addition, the location of the tumefaction 
will occasion differences of position and forms in the arteriograms. In 
the cases in which the tumor grows down and toward the middle line, 
an increase in the volu2ne of the lateral ventricle will result. In some 



Pjg- 7 — TeiJjporaJ tunioi 


cases and at first sight this can mask the tumor since tlicre is presented 

a diverging separation of the arteries winch constitute tlie Sjdvian 

f^roup caused by the ventr-icular dilation. Save in the eases in wiiieli 

tumor is large, the carotid siphon has its normal eonformation ; the 

f ior frontal, pericallosal and marginal callosal arteries are not 

^ Uv very much altered. Only when the tumor enlarges to the middle 

usua y nnmeeiable elevation of the last two arteries of the 

line is there anj appiecui 


group 


cited. 


An important consideration 
describing one 


which I shall e.xplairi more fully when 
ofTlie cases studied in the Faculty of Mcclicino of the 
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pericallosal and tlie marginal callosal arteries. Frequently, when the 
tumor grows slowly, the angiograms show the above arteries, giving a 
sinuous appearance and designing S-shapes, so typical and which are 
alone sufficient to show the location of the tumefaction. When, m ad- 
dition to what has already been described, there is a vascular or menin- 
geal tumor, for example, an angioma, in the very place radiographed, the 
alterations of form and position of the arteries mentioned and the 
shadow of the tumor itself are combined Either alteration by itself 
would be sufficient to establish a correct diagnosis. 



Kiff 10 — Va>cul ir tumor 

In the preceiling I belicie I have described tlie most important things 
which can lie deduced fiom the interpretation of the angiograms which 
confiim obsei\ aliens on the .study of cerelnal tumors by means of 

aiigiogiapbs 

I present below two eases of aneurisms, one angioma and two menin- 
geal tumors, whose intcrpi elation I do not bclieie lequires any e.v- 
planation 

,l«ri<ri/s»is — In these eases the arteriographic images usually show 
no .dteration in shape or position of the arteries of the brain save for 
tU,. icsM-l in which tlic tumor is located Ne\crthcles,s, I wish to call 
.ittciitioii to tlie curious toitnosity wliicii .ill the aitcries jiresent in gen- 
ci .it artel ioscleiosis, ,i f,K’t wiiich I iiaie ob'.eried in all tlie augiogr,ims 
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straight line. In spite of the fact that in no instance have I seen its 
curvature inverted, that is to say, having the concavity upward, and 
although I do not theoretically deny its possibility, it is convenient, in 
general to say that the reetilineation of the pericallosum and marginal 
callosum are caused by occipital tumors, but that the curving in of the 
upper concavity of these arteries is always produced by tumors of the 
parietal region, which we shall discuss later. 

Phlebography in the study of tumoi’s of the occipital region gives us 
data of extraordinary value since these tumors, because of their position, 
usually produce compression of the toreular Herophili and of the 
lateral sinus, and also in some eases of the straight sinus, which results 
in the gurgitation of the venous system on the side of the tumor. 



Fjs 9 — Parietil tumor 


Parietal Tumors. — This group of tumors can be diagnosed easily and 
early because from the beginning they cause alterations in the vascular 
g tem and because, according to Cushing, the parietal region is so 
Z uently the site of meningeal and angiomatous tumors. 

T these tumors the carotid siphon preserves its noi-mal position ; the 
T (T frontal and the Sylvian group do not change their relation- 
ascendiUo gontiary, the pericallosum and maiginal callosum are usu- 
ship. P”, ^ , „..ard and form a curve uitlt concavity ilpwaid, 

ally displace cur\e to the one usually described by the 

which is D^ist the opposu 
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pericallosal and the marginal callosal arteries. Frequently, when the 
Imor^rows slowly, the angiograms show the above artenes, gmng a 
sinuous appearance and designing S-shapes, so typical 
alone sufficient to show the location of the tumefaction, men, m ad- 
dition to what has already been described, there is a vascular ^ ' 
<.eal tumor, for example, an angioma, in the very place radiographed, the 
alterations of form and position of the artenes “^mned and the 
shadow of the tumor itself are combined. Either alteiation b> 
would be sufficient to establish a correct diagnosis. 



Fig 1* — Vascular tumor. 


In Ihe preceding I belieie I have dcsciibcd the most important things 
ttlm-ii can be deduced from the interpretation of the angiograms which 
confirm ohscrtatioiis on tlie study of cerebral tunioi-s by means of 

.ingiography _ 

I present Iiclow ttso eases of aueurysiiis, one angioma and two meiim- 
ire-d tumors, whose interpretation I do not believe requires anj- ex- 
pliination. 

AncunjAms — In the.se eases the artenograpliic images usually show 
no alteration in shape or position of the artoric-s of the brain save for 
the \e-vsel m wiiieh the tumor is located. Nevertlieless, I wish to call 
.illentioii to the curious tortuo-,ity which all the arteries present in gen- 
er.d arteriosclerosis, a laet whieh I have observed in <ill the aiigiourams 
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in which an aneurysm has been found. The case which I present is 
that of an aneurysm of the artery of the angular gyrus which gave 
no cerebral symptomatology ; as pathologic antecedents there were 
tertiary syphilis and a general state of arteriosclerosis. 


CONCLUSIONS 


Anatomical. — Concerning the anatomy of the arteries, one is filled 
with astonishment that those of greatest clinical and anatomical im- 
portance are described so inaccurately in the classic and sanctioned 
books on anatomy. The relationships and the morphologic disposition 
of the extracranial arteries which the anatomists describe are exact, both 
in the corpse and the living human being; they are not exact, however, 
when they refer to the cerebral circulation in the human being, and this 
can be proved by comparing tlie data which have been obtained from 
angiograms with what the most renowned anatomists tell us; thus, we 
Imow the exact anatomical descriptions as they refer to the dissection of 
a corpse, but in contrast angiography shows us the position and recipro- 
cal relations in the arterial vessels of patients; this difference of con- 
formation between the corpse and the living patient has given anatomical 
data of great interest. 

Carotid Siphon . — The anatomists tell us that the carotid siphon de- 
scribes a curve with concavity backward in the cavernous sinus, and 
after a short horizontal course describes another curve with concavity 
forward. Indeed, the arteriograms demonstrate that this position is 
extraordinarily infrequent in a living human being, since there is scarcely 
one case in 500 in which this is true. From the study of arteriograms, 
we can describe the morphologic arrangement in the following manner: 
In the great majority of cases the internal carotid after the horizontal 
course describes another curve of posterior concavity and on occasion 
another of anterior concavity; this morphologic arrangement prompts 
us to call it a double siphon, which is so frequent in arteriograms that 
it is present in 69 per cent of the eases. In its intracranial path the 
internal carotid gives the following collaterals: the posterior com- 
municating artery, the anterior choroidal, and the ophthalmic. 

Middle or Sylvian Cerebral Artery . — This arterial trunk is in the 
■Treat majority of cases very short. The arteriograms often show the 
Existence of an abnormality which manifests itself by the fact that many 
branches which usually spring from the Sylvian (posterior parietal 
and posterior temporal) arteries spring instead from the internal 


arotid. . , 

Posterior Cerebral Artery.— It also springs from the internal carotid 

Aonnrdin" to Moiiiz, tlus abnormalitv is almost always 
n some cases. Accoicnii„ 


unilateral. 



MANlllllW-l'HUH/, 1 cmiKItHAI. ANdlOdItAI'l I V rifil 

Aiilrn'i))' arrrhral Arti'i'i/,- 'I'his iirtoi'y wliicli fitiitiinit'M with the 
poi'iciitlomiiu tiiiil with th(» iutoi'nal fmattil piu'idtal must ha 
iiM a <'dllitldnil dl' Ihd iuitdri\ii' wi'diiru! iirtm’y. 

lUiD'iiintil diilltK'iiil Arloi'i/,- -IJai't'ly ht thm lU’tory a nhiiJflo vohsoI, hul 
Kotunailly tlaa'd ara aavaral ai’tarh's whlcli iiwigata tli<» liiarKUial 
cuh'ai'iaa llasiira, 

Auit/om!/ (if lliii r»d')tN. 'I'ha aavimiiiiiK and daat'aiidiiiK attiH'i'llcial 
vauia aa wcdl aa tho iidatoriui' aaanu'ut of llio vain of lail»hf> opaii iota ilia 
latai'id aiiMia oa into t!ia loaculai* llamiihUi. 

'I’ha ati'nlaiht aiuua aacaiida, d<'acrihiii«' an aiiK'la of aiil(d’idi' ctu'vatma! 
(if Homo 70 to KO (ioma'ca on llto jdana of tlia latariil aiiuia. In phlaho- 
Ki'aiiia tha iiil'arioi' loiiH'iliKliMul ainiia haa tlia appaiu'iiiiaa of haiiiK tlia 
aoiiliiiiiallod of llui ati'iiiKlil altiiia, niviiiK tlia liitpraanioii of a aiu’vad 
iliia of (‘oiiliiuiodH path. 

iShici) all llutaa aiialiaidcal dala liava imaii I'ovaalad hy aiifdoKraiiia, 
wo ai'o ohiipad to ndiiiil. I hat Ilia daaafiplioii of tho aiiHciilai' I’alalioiia in 
hoolca of analoiiiy ara lolally dll'faninl. from tha iiiorplioloK'ia ralaliona 
dial axial, in dynamical or vita! vaacnlar analomy, not only in tha fnna. 
(lonal oliaarvalioii of tin' arlariaa and vaina, hul in all lha Imaiia.'i wliiali 
ara malnlaiiiad in a daliiilla poailion hy llndr vital aclivity, 

l'UVHi()i,odld.' 'I'liwia comililiila Ilia nacaiwiiry complaiiiaiil of tho 
analomical and ara of an much im|iortanca crndcally and diaKiioaUcally 
nil Itioaa pravioualy da.acrlhad. 't'ha carafni ntiidy of aiiKioHrama and 
iiarhil iiiiKioKniiiiH of lha aircnlidion of Ilia liaad, mada )>y Moiiix, Intiia 
and (liddiui, who hava liai'ii iilila to olilain aix radioKriiiiliti of anah ahla 
with varioiiM lima intarvidn halwaau each ana of tliaiii, idlowa lui to arrlva 
III (ha foilowiiiH' phyHidloKic concInaionH : 

1, 'I’ha apead of lha clrcidiil ion of lha lilood Ihroitnh lha capillary 
arl('rlc!i and caraliral vain.'i in two acconda, 

U. 'I'ha apead of lha circnialion of lha iilood from Ilia inlariial carolid 
lU'lary In (ha inlariial JiiKiilar vaina ia four or mora aaconda. 

!1. 'I'ha apead of lha circiiliilioii of lha hlood in Ilia iirlariovanmia lar- 
rilory from (ha axicrnal carolid to Ilia axiariial jiiKuliira ia from /Iva (o 
aix aaconda. 

•t, 'I'lic nianiiiKciil circnialion ia parca|»tilily Ilia alowcal of all llioaa 
dapi'iidciil on liia axtarmil carolid, it hi a Unowii and proved pile, 
iioniaiion llml pallioloKic ciniaaa conahlavaidy allt>r Ilia caraliral circula- 
tion. 

Oi.iNiOAi,.- Nolwi(lmluiidinn: tha fact tliiit lha ahova analomical and 
pliyai((lo«la coiiclnaioim ara of axiraordiuary aatiiaioloi^icid and dlnp. 
iiaalic inlcrcal, liiay will ha of alill nraiilar vidua wliaii they can ha 
lirovad with mora iihundiinl, malarial, inaamudi aa I hay ara iiol. only of 
Kraal, praalical umo Io Ilia naiiroloKiat, hnl will ha of Immciliah) help 
la tha pulianl. 
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ill which an aneurysm has been found. The case which I present is 
tliat of an aneurysm of the artery of the angular gyrus which gave 
no cerebral symptomatology; as pathologic antecedents there were 
tertiary syphilis and a general state of arteriosclerosis. 


CONCLUSIONS 


Anatomical. — Concerning the anatomy of the arteries, one is filled 
with astonishment that those of greatest clinical and anatomical im- 
portance are described so inaccurately in the classic and sanctioned 
books on anatomy. The relationships and the morphologic disposition 
of the extracranial arteries which the anatomists describe are exact, both 
in the corpse and the living human being; they are not exact, however, 
when they refer to the cerebral circulation in the human being, and this 
can be proved by comparing the data which have been obtained from 
angiograms wdth what the most renowned anatomists tell us; thus, we 
know the exact anatomical descriptions as they refer to the dissection of 
a corpse, but in contrast angiography shows us the position and recipro- 
cal relations in the arterial vessels of patients; this difference of con- 
formation between the corpse and the living patient has given anatomical 
data of great interest. 

Carotid Siphon . — The anatomists tell us that the carotid siphon de- 
scribes a curve with concavity backward in the cavernous sinus, and 
after a short horizontal eoui'se describes another curve with concavity 
forward. Indeed, the arteriograms demonstrate that this position is 
extraordinarily infrequent in a living human being, since there is scarcely 
one ease in 500 in which this is true. From the study of arteriograms, 
we can describe the moi’phologic arrangement in the following mamier: 
In the great majority of cases the internal carotid after the horizontal 
course describes another curve of posterior concavity and on occasion 
another of anterior concavity; this morpliologic arrangement prompts 
us to call it a double siphon, which is so frequent in arteriograms tliat 
it is present in 69 per cent of the cases. In its intracranial patli the 
internal carotid gives the following collaterals: the posterior com- 
municating artery, the anterior choroidal, and the ophthalmic. 

Middle or Sylvian Cerebral Artery . — This arterial trunk Ls in the 
frreat majority of cases very short. The arteriograms often show the 
existence of an abnormality which manifests itself by the fact that many 
branches which usually spring from the Sylvian (posterior parietal 

d posterior temporal) arteries spring instead from the internal 


Cerebral Artery . also springs from the inten.al carotid 
osteriu! . to iMoniz, thrs abnormality is almost always 

ome cases. Accoram„ 


unilateral. 



CAECINOIilA OP THE INTEAPANCEBATIC POETION OP THE 
COJIMON BILE DUCT 


Alex^vnder Brunschwig, jM.D., and Dwight E. Clark, M.D., 

Chicago, III. 

(From the Departments of Surgery and 2Iedicine, the University of Chicago) 

TN CONNECTION with the general interest in the operative treatment 
1 of carcinoma of the ampulla of Vater, and of the head of the pan- 
creas, attention may be drawn to the carcinomas which arise from the 
common duct apart from the ampulla itself. It would appear that such 
neoplasms are quite rare from the number of cases that have been re- 
ported. Stewart, Lieber, and Morgan have recently reviewed the litera- 
ture on the subject and state that of 86 cases abstracted, 20 were re- 
.^arded as acceptable on the basis of clinical history, gross and micro- 
Lopie studies of the primary lesion. Fifteen additional cases although 
probably authentic, were not included because of lack of a clinical his- 
tory or because of insufficient details. _ 

Attempts at surgical removal have been very infrequent since the 
above-mentioned authors ^veve able to collect records of only 3 such 
operations. Their summary is included in Table I (fiist 3 cases). Gar- 
lock in 1939 reported a successful resection. 

We have had occasion to operate upon 2 patients witli carcinoma of 
the common duet and the purpose of this report is to record these 


experiences. 

C\SE 1— S. T. (Hospital No. 24SS15), white male, 71 years of age, was admitted 
to the Medical Service of the University of Chicago Clinics on Sept. 16, 1940, com- 
nlaining of polydipsia, polyuria, and epigastric distress for eight months, loss 
of 56 pounds during this period, and jaundice for three months. Urinalysis, sugar 
° acetone 4+H-, diacetic acid +4-H-, albumin, trace; fasting blood sugar, 353 

me per cent; icteric inde.x, 38; IV.B.C., 15,000; B.B.C., 3,800,000. 

^Following appropriate di.abetic management, the patient was considered ready 
for exploratory operation on Sept. 26, 1940, which procedure was undertaken with 
the diagnosis of carcinoma of head of pancreas, the icterus not having improved 
durin" the period in the hospital. Preoperativo blood transfusions were given. 

Un'der novocain spinal anesthesia the abdomen was entered through a high 
luidline incision; a moderate amount of clear yellow fluid escaped. Palpation of 
the liver .spleen, and peritoneum failed to reveal metastases. The gall bladder 
was markedly di.stended, the wall thickened, but no stones were palpated. The 
common duct was observed to be about the diameter of the thumb and palpation 
failed to reveal stone.s. P.alpation of the head of the pancreas revealed it to be 
very tirm; the remainder of the pancreas also felt firmer than normal but not as 
hard as the head. An incision was made into the head for removal of a small 
bit of tissue for frozen section. This revealed carcinoma. Accordingly, the pylorus 
was transected and the proximal end invaginafed. The head of the pancreas and 
duodenum were mobilized by incision in the peritoneum along the greater curvature 
of the latter. The dilated common duct was transected above the duodenum with 

i{,.c.Uv.a for imbllcation. April 16, 1311. 
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The clinical conclusions can be arranged in two groups; (1) the 
verification of a doubtful clinical diagnosis, or (2) the diagnosis of a 
lesion that was unsuspected clinically. 

From all that has been said, we conclude that the evidence provided 
by a complete angiographic exploration can establish in many cases an 
exact diagnosis of a lesion which is impossible to define and to localize 
by other means of exploration, as in cerebral aneurysm and angioma. 
The clinician also can be helped to define the exact localization witli 
the data that are deduced from a comparative examination of angio- 
grams. Nevertheless, in some cases angiographic images with normal 
characteristics are found in patients with obvious lesions that ought 
to be diagnosed b}' other means. Because of its harmlessness and the 
abundance of data which the angiogram gives us, it deserves to be the 
first test of exploration which is performed on patients whose clinical 
symptoms are not sufficient to allow an exact diagnosis or localization. 
In many cases the interpretation of the angiograms can achieve this 
purpose and it is of sucli therapeutic importance that in many cases it 
decides the surgical technique to be followed. 

When clinical exploration is insufficient for the diagnosis, one may 
complement tlie exploration by other means, as by ventriculography 
and encephalography; the data deduced from various methods will 
surely be of unmistakable utility in throwing light on the diagnosis and 
localization. 

We all know that the many new methods of exploration used in 
foreign clinics must be introduced to ciu’rent practice, and I hope that 
the method of exploration which I have described ^vill be received with 
the benevolence it deserves because of its immediate utility and ab- 
solute harmlessness to the patient and because it is a teclmique accessible 
to all who have had even an average surgical education. 

Still more, I believe it ouglit to be adopted because it is applicable in 
many cases which are considered desperate. It opens a new field of hope 
and can contribute to make the therapeutic successes of neurological 
surgery greater every day. 
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CARCINOJIA OF THE INTRAPANCREATIC PORTION OP THE 
COMMON BILE DUCT 

ALEXiVNDEE BbUA’SCHWIG, M.D., AXI> DOTGHT B. ChARK, M.D., 

Chicago, III, 

(From the Deportments of Surgery and Medicine, the University of Chicago) 

I N CONNECTION with the general interest in the operative treatment 
of carcinoma of the ampulla of Vater, and of the head of the pan- 
creas, attention may be drawn to the carcinomas which arise from the 
common dnet apart from the ampulla itself. It would appear that such 
neoplasms are quite rare from the number of cases that have been re- 
ported. Stewart, Lieber, and Morgan har'e recently reviewed the litera- 
tiu-e on the subject and state that of 86 cases abstracted, 20 were re- 
garded as acceptable on the basis of clinical history, gross and micro- 
scopic studies of the primary lesion. Fifteen additional eases, although 
probably authentic, were not included because of lack of a clinical his- 
tory or because of insufScient details. 

Attempts at surgical removal have been very infrequent since the 
above-mentioned authoi-s were able to collect records of only 3 such 
operations. Their summary is included in Table I (first 3 cases). Gar- 
lock in 1939 reported a successful resection. 

We have had occasion to operate upon 2 patients with carcinoma of 
the common duet and the purpose of this report is to record these 
experiences. 

Case 1.— S. T. (Hospital No. 2-iS815), white male, 71 years of age, was admitted 
to the Hedieal Service of the University of Chicago Ciinics on Sept. 16, 1910, com- 
plaining of polydipsia, potyuria, and epigastric distress for eight months, loss 
of 56 pounds during tliis period, and j.-iundiee for three months. Urinalysis, sugar 
++++. acetone +++<-, diacetic acid 4-H+, albumin, trace; fasting blood sugar, 353 
mg. per cent; icteric index, 3S; W.B.C., 15,000; E.B.C., 2,800,000. 

Following appropriate diabetic management, the patient was considered ready 
for e.xploratory operation on Sept. 26, 1940, which procedure was undertahea with 
the diagnosis of carcinoma of head of pancreas, tiio icterus not having improved 
during the period in the hospital. Preoperative blood transfusions were given. 

Under novocain spinal anesthesia the abdomen was entered through a high 
midline incision; a moderate amount of clear yellow fluid escaped. Palpation of 
the liver, spleen, and peritoneum failed to reveal metastases. The gall bladder 
was markedly di.-.tended, the wall thiehened, but no stones were palpated. The 
common duct was observed to be about the diameter of the thninb and palpation 
Vailed to reveal stone.'-. P.'ilpation of the head of the pancreas revealed it to be 
very firm ; the rcmaimler of the pancreas also felt lirmer than normal but not as 
hard as the head. An incision was made into the head for removal of a small 
bit of tissue for frozen seclion. Thi.s revealed carcinoma. Accordingly, the pylorus 
was transected and the proximal end invaginated. The head of the pancreas and 
duodenum were mobd/ced by incision in the peritoneum along the greater curvature 
of the latter. The dilated common duct wa.s transected above the duodenum with 


KeecK-'U for I'ubllcation. April 16. lajj. 
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Table I 

Summary op Attempts at Surgical Rejioval 
OP Carcinoma op Common Bile Duct 

YEAR AUTHOR OPERATION 

1902, Uliszewski, Case Resection of gall bladder, 

1 cystic duct, and common 

duct ; drainage of he- 
patic duct 

1909 Morian, Case 4 Resection, cholecystoduode- 

nostomy 

1935 Demel Resection; subserous cho- 

lecystectomy; hepatico- 
duodeuostomy; anastomo- 
sis of cut ends of ducts 

1939 Garloek Segmental resection of up- Living and well 10 mo. after 

per common, lower hepatic operation 

ducts with inclusion of 

tumor, cystic duct, and 

gall bladder; end-to-end 

anastomosis of common 

duct 

1940 Walters, W. Resection, anastomosis of Died 8 days after operation, 

cut ends bronchopneumonia 

1940 Brunschwig and Pancreatoduodenectomy, one Patient died 2 days follow- 
Clark, Case 1 stage ing operation; aspiration 

pneumonia (?) 

1940 Brunschwig and Pancreatoduodenectomy one Patient died 3 mo. and (i 
Clark, Case 2 stage with drainage of days after first operation, 

transected common duct 1C days after second op- 
to exterior eration (peritonitis) per- 

formed for anastomosis 
of gall bladder to jejunum 


RESULT 

Patient died 3 days after 
operation 

Patient well 10 mo. after 
operation 

Patient died 7 mo. after op- 
eration 


escape of clear green bile, and doubly ligated with linen thread. Transection of 
the neck of the pancreas was next performed from above downward. During this 
step it was discovered tliat the posterior aspect of the liead was firmly adherent 
to the termination of the superior mesenteric vein and in freeing the former the 
vein was opened. Ligation of the tear was successful after loss of approximately 
100 e.c. of blood and it appeared as though this ligation did not obliterate all of 
the lumen of the vein. Tlie third portion of tJie duodenum about 2 to 3 cm. proximal 
to the ligament of Treitz was transected and the distal end invaginated. The 
head of the pancreas and practically all of the duodenum were removed. The 
neck of the pancreas was ligated snugly with linen thread after the main duct 
was identified and ligated separately. A posterior gastroenterostomy and a chole- 
cystogastrostomy were then performed and the abdomen was closed in layers with 
a soft rubber drain leading to the site of the head of the pniicrea.s. Silk technique 


was used throughout. 

The patient’s immediate postoperative condition was good. He received one 
transfusion of COO e.c. eitrated blood during the operation and one similar trans- 
f sion posfoperatively. During the ne.xt forty-eight hours the tcnipcruturc rnricil 
99 8 and 101° F- rectally, but at noon Sejit. 28, 1910, ho expired suddenly, 
bet^^een • no peritonitis or evidence of acute pancreatitis nor was 

At significant obstruction of the superior mesenteric vein. Two 

there evi found in the upper posterior portions of the liver. The 

metastatic no aspiration pneumonia and purulent bronchitis. .Micro.-copic 

lungs reveale > ^ revealed almost comiilcto lo.ss of acinar ti.'-.suc and replare- 
study of the pani-rc.is pre.sent. There were scatterol groiip.s 

ment by fibrous tissue. -Manv 
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•A voi iTifilttatiou by mononuclears and polymorpbonu 
of carcinoma cells and auJ greenish iu color. On hmtolo^c 

clears. The liver was ftb,ous tissue and diffuse lymphocyte 

examination there was shght mcrease 

iufiltration in the of the head of the pancreas and prac- 

The surgical specimen ^ i^iserted into the upper cut portion of t 

tically all of the duodenum. A probe ^ ampulla of Valet. Some 

common duct passed into the ampulla. When the common duet was 

lesistance was encountered f raised plague on posterior aspect 

opened, it was found to ^xitXx. Thia S™ 

measuring 1.7 cm. in length and • ^-itu firm grayish tissue that 

rolled edges and its deeper e^s. Wren the head of the pan- 

extended into the adjacent pwL f tissue 

creas was bisected in several tissue did not appear normal 

represented neoplastm infiltrati .1 P quite narrow oyer 

,u" was dull, and extending to the ampulla. The lining 

the 1.5 cm. course below ^ ^ The main pancreatic duct was empty 

of the common in appearance It emptied separately into 

and its lumen patent and Imu 
the duodenum in the ampulla of ^ater, 


ipili'.i ' i ■ ■ .• .... 



^ wxclsed head of pancreas, duodenum folded under ®Peei'uen, C, 
F<W. ?aise^^ (T,. a caremomn arlsln.Jrom 


FiiJ. i Ka« duct showing raised plaque (^7. a c 
opened conirnon Vdic uuc removed from the 

posterior w.all. A bWCK nbrotic and abnormal appwanc 

.-.r.««^«xec'anIC StUUj* 1.. nn n/>rs«n Mf la nnil rU/Tllise illdltr<: 


uum i.ie center of the iesion for 
noaterior uo**. ,len.^e tlbrotic and aonormai appearance of the Pancreatic Ls- 

microscople pancreatitis and diffuse Inflltration of carcinoma fr 


x<-.ros 0 Q 0 ic study of a section through tho plaque in the common duct, cut 
. Aversely to the long axis of the latter (Figs, 2J and S), revealed it to ho 
=hI of dense cords of large anaplastic carcinoma cells appearing to stream 
T^'^teard into tho surrounding pancreas. Sections through the contiguous portion 
‘°"'. rtcceaa showed scattered islands of tumor tissue, islets, and large groups of 
° reiis with wide band.s of edeniatous librous tissue inliltrated by mononuclears 

ciinct^r 4.1'***' 
and polymorphs. 
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Surgical Pathologic Diagnosis; Carcinoma of lower segment of common duct 
with invasion of pancreas; chronic interstitial pancreatitis (obstructive?). 

Case 2. — ^A. V. (Hospital No. 2488H), white, married female, 51 years of age, 
was admitted to the Surgical Service of the University of Chicago Clinics Sept. 
15, 1940. In February, 1940, icterus developed and in March, 1940, a cliolecystos- 
tomy was performed in another hospital, there being no stones discovered in tlio 
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BRUXSCHWIG AXD CLARK. CARCIXU^K 

..11 bMer. Til. S” »«a««.lr * '«“• 

ce.,.a, enm. .«a ftv.r ^ t,„, 

"T- "r,i “:rsaS i. » i3cb...e .. 

rii^: S4“rV„rrs r. sr.:s“— 

Exploratory operation was performed upper right 

anesthesia. The abdomen was ^ distended gall bladder whose fundus 

was adherent to the pento P metastatic nodules. 

adhesions *^J,7a's T « firm nodule was palpated and assumed to be 

In the head of the pane transected and upper segment invagi- 

a carcinoma. Accordingly th py mobilized by incision of peritoneum 

nated, the tion of duodenum. The dilated common duct 

along the th"nture of t ^ bout 2 on. above the aaodenum tvitlt 

r;";" TpXi...««. .... 




■■ 

. .- . ■' ;i 

r/, 7-*. ' ' 

C’- 



l.n_7sl,rU 


,B_photomicroerapli (X230) of area .1 inaicated in Fiff. 2^1 from edge of 
r:..!,?,; n common duct. T. Carcinoma composed of large polyhedral cells 
tending’to form tubulS -If! Normal mucosa from unlniohed portion of common duct 


resistance nitlun the head of the pancre.as. The neck of the pancreas was tran- 
j,cctcd the mam pancreatic duct identified and ligated, and a silk ligature passed 
snu"tj' about the nliolo pancreatic stump. The third portion of the duodenum 
iva^ transected a short distance proximal to the ligament of Treitz and the distal 
■mnciit iiivagmatcd. The head of the pancreas and practically all the duodenum 
Here remoied. Eccaui-e of the adhesions about the porta hepatis the upper seg- 
ment of common duct was quite immobile and because it was desired to make this 
procedure as brief .as possible, no anastomosis was attempted between biliary tract 
and boivcl and instead a uretliral catheter, Jfo. d-t Erench, was inserted into the 
common duct and out through a stab wound in the abdominal uall near the old 
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Fig. 3. — A. Diagiam of operation performed in Case 2, first stage. The head of 
the panel eas and duodenum liave been removed. Tlie pyloric portion of stomach has 
been invaginated as has the third portion of the duodenum. The neck of the pancreas 
(P) has been transected. A posterior gastroenterostomy (O.B.) has been performed 
and the common duct (0.0 ) cannulated to the outside by tube T. The gall bladder 
(G.B.) showed a healed cholecystostoiny wound in the fundus. B. Diagram of second 
stage performed 86 days after first stage. A loop of jejunum was brought through tlie 
transverse mesocolon foi cholecystenterostomy (CIi.E.) and below this, enteroenteros- 
tomy (BE.). The common duct (C.D.) with cannulated tube T was not disturbed as 
IS was felt that the latter could be removed subsequently after internal blliaiy drain- 
age might once be established 



T'»..Is('d head of pancreas; the duodenum Is foldi d under the- 
bile duct (01 has been opened exposing curclnomu (T) 


3pel?Sen’•"5h^“c°^°^.“‘^‘;e^rreit 

bulging into its lunie.i. 
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cpia- The abdomen was closed in layers, a soft 

cUoleeystostomy opening (Fig. A), tne aouu e 

TatrealMn e’^o^ed by incision 
troulrSL latter, proved to be a rounded mass 1.5 by 1 by 1 cm. arising in and 
constrictinff markedly the common duct at about 1.5 cm. above the ampulla. Slight 
infiltration^ of the surrounding pancreatic -tissue was noted. AVhen the common 
duct was opened the grayish mass was seen bulging into the lumen or its anterior 
" The pai;creatir «ssue appeared, otherwise normal and the mam pancreatic 

‘’“Mi:Icl1tTcLns^?r"gh‘th^ common duct wall (Fig. 5) showed 

the former ^to be composed of small, very anaplastic rounded and polyhedral malig 
nlnt cells arranged in dense masses and cords. The cells showed e.vtreme anaplasia. 
Xe common duet above the tumor showed thickening of the wall due to fibrosis, 
aid diffuse leucocytic infiltration. Sections through pancreatic tissue away from 
the tlmor showed essentially nornml pancreas e.vcept for some edema ,n the outer 

"“gl^JiTpatholo^ic maonod circinoma of the common duet, arising from 

that nortion coursing through the head of the pancreas. 

The postoperative course was essentially uneventful e.xcept that bile did not 
drain freely from the tube leading into the common duct. Indeed the icteric index 
rose to 137 on the eighteentli postoperative day, but by the seventy-eighth day it liad 
finally fallen to .0.3. During the postoperative period the P“‘mnt became visibly 
craacLted and the biliary drainage wliich varied from loO to 1,000 c.c. a day ims 
for a time instilled in 100 c.c. daily doses into the stomach by means of a Levine 
tube This procedure was discontinued because it nauseated the patient. Titannns 
A B B C and D were administered daily by mouth as well as 0.2 Gm. of iiico- 
tinie’acid. vitamin K, and 1.8 Gm.'of bile salts. The appetite varied and on occa- 
sions was quite good. There was no steatorrhea. For a brief period there was 
a mucoid bile-tinged discharge from the sinus through which tlie soft rubber drain 
had been inserted into the pancreatic stump. The slight discharge from this caused 
considerable erythema and superficial maceration of tlie surrounding skin. The 
latter was finally controlled by aluminum paste applications. The patient’s weight 
prior to operation was 12.3 kg. It fell to 29.9 kg. on the si.xty-first day, but ro.se 
slichtly to 34.5 kg. on the eightietli day at whicli time she was sitting up out of 
bed and walking a few steps. On the eighty-second day, the abdominal incision 
being well healed, another laparotomy was performed, the purpose of which was 
to re-establish continuity betweeu the biliary tract ami intestines (Fig. 3B). Tlie 
previous upper midline incision scar was; e.xcised and the upper peritoneal carity 
entered. There were many fibrous adhesions. The fundus of the gall bladder 
was freed from adherence to the old cholecystostomy sear. A loop of jejunum 
about 12 inches beloiv the gastroenterostomy was then brought up through tlie meso- 
colon for cliolccystoentcrostomy. About G inches below this an eiiteroenterostomy 
was performed between afferent and efferent loops of jejunum. The liver, exposed 
at various points, appeared normal. The abdomen was dosed in layers. Silk 
technique was uscil throughout. During this procedure the catheter in the stump 
of tlie eommoii duct was left undisturbed, a damp being applied just above the 
skill level. The immediate postoperative condition was good, the maximum tem- 
perature being OO.S" F. on the second day. The temperature was normal until 
the eighth day when it rose to 101° F. The upper portion of the wound separated 
with discharge of upper bowel contents and bile. The patient’s general condition, 
however, remained fair except for temperature up to 100.0° F. until the sLxteeiith 
(lay after the second operation, which was the ninety-.' ixtli day after the first pro- 
cedure, when general collapse and death ensued. 
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Necropsi/: GeneralizeJ librinopurulent peritonitis (old). There nas about 1 cm. 
separation at the right angle of the cholecystenterostoniy, nliich opening com- 
municated with the gaping upper portion of the abdominal incision. Patent sinus 
tract from the tramsected common, also leading to the abdominal wound. Xo gross 
or microscopic evidence of carcinoma anywhere in the body. Xo significant fatty 
infiltration or degeneration in the liver; diffuse periportal lymphocytic infiltration 
and slight fibroplasia in periportal septa. 


DISCUSSIOX 

It is obvious that a specific preoperative diagnosis of carcinoma of the 
common bile duct can hardly be made with available methods of clinical 
-study. The general clinical picture present in .such cases is also con- 
sistent with that of a neoplasm of the ampulla of Yater, head of the 
pancreas, gall bladder with invasion of the common duct, and also of 
the hepatic ducts. In both the patient.s described above the clinical 
diagnosis of cancer of the head of the pancreas or ampulla was made 
and a.s a result of palpation at laparotomy it was thought the former 
diagnosi.s was confimed. The opei’ative procedures for excision of such 
neoplasms were followed. Tlie true situation was discovered only upon 
study of the surgical specimens in the laboratory. 



In one of the patients tlic di.sea.se wiw e.xteiisivc: in the second ea.se, 
in spite of the long history, the proee.ss was .still localized. Because of 
the rarity oi small localized malignant tumors arisiim from tlie intra- 
imnereatie portion of the eommon duet this eomlition was not even eon- 
sulered at the tune of oiwrntioii. In relrosj)eet, it might have been 
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posssible to excise tlie second neoplasm by a more conservative procedure 
(segmented resection, and anastomosis over a T-tube). It would appeal’ 
that tins possibility should be borne in mind when encountering small 
tumor masses buried in the head of the pancreas near the course of the 
common duct. Incision into the pancreas for biopsy or incidental to 
exposure of the lower segment of common duct would not, in light of 
experience in recent years,, be iranglit with great danger of inducing 
acute pancreatitis. 

Another instance of slowlj' growing carcinomas of the common duct 
is the case cited by Walters and Snell. The tumor arose from the supr’d- 
dnodenal segment; a choleeystoenterostomy had been performed and 
there was survival for four yeais. These authors cite the records of 
seven patients with common duet cancer treated by choleeystoenterostomy 
only and with an average survival of twenty months. 


CONCLUSIONS 

1. Carcinoma of the lower segment of the common bile duct appears 
to be rare, altbougli u'ith the present interest in excision of tumors in 
this region their incidence may be found to be greater than hitherto 
suspected. 

2. The clinical picture does not differ sufficiently from tliat afforded 
by cancer of the ampulla, confluence of the extiuhepatic bile and gystic 
ducts, cancer of the eystie duet or gall bladder, of the ampulla of Vator 
or of the head of the pancreas to permit of specific preoperative diag- 
nosis. However, siicli a possibility should be considered wlien on palpa- 
tion small tumor masses are felt in the head of the pancreas in the 
course of the common duct. 

3. Attempts at exefsion are justifiable in the absence of evidence of 
metastases since, as a group, they arc not rapidly growing tumors and 
metastasize relatively late. 

The procedures indicated arc ]>aiH'roatoduodenectomy wlieii the ])iin- 
creas is involved (as for earcinoma of the head of the pancreas); how- 
ever, a more eonsorvalivo segmental resection may be passible wliere 
the tumors are still quite .small. 
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A SIETHOD FOR THE COLLECTION OF THE ENTIRE BILE 
OUTPUT IN HUIIAN PATIENTS WITH 
CHOLBDOCHOSTOIMY TUBES 

John A. Layxe, H.U. ® and CIeokge S. Bekgh, M.D., Minneapolis, Minn. 

(From the Departments of Medicine and Surgery, University of Minnesota) 

T he study of physiology of the liver as related to the secretion of bile 
has been impaired by lack of a satisfactory method for coUeetiug’ the 
entire hiliaiy output in human subjects. Koeour and Ivj'* hai'e devised 
a satisfactory method for complete collection of bile in animals bj' means 
of ligation of the common bile duct and application of suction to an 
intraductal cannula. Such procedures are not applicable to human sub- 
jects. When a spontaneous complete biliary fistula does occur, more- 
over, there is almost aLva}’’s coexistent liver damage as a result of the 
underlying disease. 

It has been shoivn that the sphincter of Oddi exerts a definite re- 
sistance to the flow of fluid from the common bile duct into the duodenum 
in human patients with eholedochostomy tubes.^'^’ ^ It seems reasonable 
to expect, therefore, that application of suction to a eholedochostomy 
tube would create a channel of less resistance than the normal channel 
with its sphincter mechanism and would establish a complete external 
biliary fistula. Making use of these principles we have developed a 
technique for the collection of the total bile output in patients with 
eholedochostomy tubes, and it has pi’oved to be so satisfactory that we 
wish to in-esent it as a method which will permit the extension of studies 
of tlie pliysiology of the liver in man. 

METHOD 

After a series of jn-eliminary observations we learned that most pa- 
tients with T-tubes inserted into the common bile duet are suitable sub- 
jects for application of this technique, but that patients with bile duct 
intubation with .straight catheters of the Nelaton type do not give con- 
sistently satisfactory results. 

I’he negative pvessiive is applied by means of the apparatus shown in 
Fig. 1. The .source of the suction may be any one of several types of 
pumps. We used a wafer-jet type of filter pump. The entire apparatus 
is stei ilized in the autoclave before use, and aseptic technique is used 
tlnougliout the period of collection. Replacement receptacles are also 
sterilized before use. 

The suction is maintained at a constant level of 12 cm. of water below 
atmosp heric pre.vsure by meaim of a water valve (Fig. 1 C) which per- 


'.N'ovv Glint K.iIIm. MunC 
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mits air to enter the .system througli tlie open tube in Bottle C if the 
negative pie.ssure exceeds the hydrostatic pressure exerted by tlie colunni 
of liquid. If the suction source is adjusted so tliat there is a slow steady 
entiance of gas bubbles through the open tube, a constant negative pres- 
sure is assured. 

A double collection S3’steni is used. This permits an alternation of the 
receptacles at four-hour intervals (or in an.y other manner that is 
desired) without the slightest interruption of the suction. When the 
bile is collected in Eeeeptacle A, Tubes b,, K, and lx are clamped. At 



I Appiiratua for application of con.stant suction to ciiolctiocliostoniy lub«'. .1 

and B are receptacles for collection of bile; C is water valve for refc^uljitlon of pres- 
sure. 

tlie end of the collection period before disconnecting Bottle A the elanqis 
are removed from the tubes leading to Receptacle B and are placed on 
Tubes a , a-, and a,. It is e.s.sential that there are no kinks in the tubing, 
no leaks'in'the connection.s, no interruption of the suction at its .source, 
•ind that water in the valve is maintained at the proper level, the lo.ss hy 
evaporation being replaced. 

I'liOOK or .MKTIlOn 


1 satisfactory the method must [iroduce a [u-actically comitlele 
flow and the success of the method can he determined 
deviation o ’ piliarv con.stitiient.s. Of the^e, bile f.igment 

by c-xamining tlie Rtt-s 
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is the one v/hich is measured most readily by use of e.Kisting clinical 
laboratory facilities. We have used the quantitative urobilinogen test of 
Watson® to determine the pre.senee or ab.senee of bile from the gastro- 
intestinal tract. 

Six patients who previously bad undergone elioleeysteetomy, ehole- 
dochotomy, and intubation of the common bile duct served as subjects 
for this study. The suction was applied to the T-tube for from four to 
five days before the stool collection was .started, in order to permit 
evacuation of the intestinal content already containing bile. Intestinal 
activity was stimulated by the administration of laxatives and enemas 
during the preparatory period. Finally all .stools pa.s,sed dni'ing a four- 
day period were collected and analyzed for urobilinogen content. Dur- 
ing the period of the experiments the patients received the standard hos- 
pital diet and neitlier bile .salts nor other biliary constituents, except 
fluid and electrolytes, were replaced. The Quick prothrombin time, the 
ictenis index, the blood urea nitrogen, tlie carbon-dioxide combining 
()ower, and the plasma chlorides remained normal throughout the dura- 
tion of the experiment. 

The analyses indicated that the deviation of the bile was practically 
complete in five of the six patients, and in the sixtli there was only a 
small lass ot bile into the intestine. The amounts of urobilinogen found 
in the feces are sliown in Table I. In five of the six patients tliere were 
5.88 mg. per day or les.s, and any value of 5 mg. or less represents pi'ac- 
tically a complete exclusion of bile from the intestine. 
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CON'CfA^SIOX 

A techniiiuc has been developed for the jiroduction of “complete” 
biliary iistiilas in lumian jiaticnts with choledocho.slomy tubes. The 
method lia.s proved to be .satisfactory and nuikc.s po.xsible the extension 
of studiivs of hcimtic i>hysioIogy in man. 
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HYPERTEOPHY OP THE SPHINCTER CHOLEDOCHUS 
.V C-vrSE OP Ixtekx.ve Biliary Fistula 
Edward A. Boydex, Ph.D. (Med. Sc.), IMixxeapolis, ilixx. 

(From the Department of Anatomy, Vniversity of Minnesota) 

I N ACCORDANCE witli the suggestion made in a previous issue of 
this JouKXAL,* namely that an adequate understanding of the patho- 
logic physiology of the choledoehoduodenal junction can be obtained 
only through correlation of clinical and microscopic observations, the 
following analysis of a unique specimen i.s herewith presented. 

The ease in question was called to my attention by Dr. John P. Noble, 
of the Department of Pathology. At an autopsj' of a Avoman 74 years 
old, he found three enormous gallstones, the largest measuring approxi- 
mately 40 mm. in diameter, impacted in the lower end of the common 
bile duct (Fig. 1). Not only had these distended the duet to almost the 
size of the duodenum, but the lou’e.st one had telescoped tlie major 
papilla until it protruded info the lumen of the gut for a length of 
3.5 cm. At its greatest diameter this giant papilla measured 2.5 by 
1.6 cm. In this process it.s upper (basal) end had eventually over- 
lapped the minor papilla by a distance of 15 mm., and the usual slit- 
like feue-stra through which the ducts enter the duodenal Avail had been 
enlarged to a round “AvindoAv” 3.2 cm. in diameter. Finally, the roof 
of the papilla had developed a small fistula AA’hich cA’entually Avould 
have permitted expulsion of the stones into the lumen of the gut and 
the production of a gallstone ileus. 

.Is this phenomenon Avas of special interest to the radiologists, the 
specimen Avas photographed and draAA-n under the dii'ection of Dr. Leo 
Cr. Riglcr in preparation for a di.scH.s.sion of this a.spect of the ease. (See 
Fig. 2 of the article by Riglcr, Borman, and Noble.-) 

The problem which pre.seiited itself to the anatomist Ai'as the reaction 
of tlie musculature of the papilla to the pre.ssure of the terminal stone; 
that is. Avhicli of the circular bands of the .sphincter of Oddi (Fig. 2) 
prcAentcd e.xpulsion of the groiving stone through the natural orifice of 
tile papilla? To this end, the pancreatic duet Avas first dksoeted, then 
tlie terminal 3.5 cm. of the papilla Avas sectioned serially, at 8/x, and 
stained for smooth mu.sele Avith the MaJlory-Azon technique. 

.Vtteiitiou Avas first directed to the fate of tlie main pancreatic duct. 
(!ro.ssly it could be probed through the posterior Avail of the jiapilla to 
within 3.3 mm. of the orifice of the papilla (.see Avhere .solid outlines of 
the ductus pancieaticu.s end in Pig. IE). This is approximately the 
level of the micro.scopic section .shoAvn in Pig. 3A. The lumen of the 
liaiiere alie duct still shows in this section, but below this level the duct 

nxvlK'U f.ir inililk'.itfon. July 3. isil. 
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HYPEETROPHY OF THE SPHINOTBE CHOLEDOCHUS 
A Cause op Ixterxae Biliary Fistul-v 
Edward A. Boydex, Ph.D. (ilED. Sc.), Mixxe-vpous, ilixx. 

(From the Department of Anatomy, Vnirersity of Minnesota) 

I N ACCORDANCE Avith the suggestion made in a previous issue of 
this Jourxal/ namely that an adequate understanding of the patho- 
logic physiology of the choledoehoduodenal junction can be obtained 
oidy through correlation of clinical and microscopic observations, the 
following analj'sis of a unique specimen is hereivith presented. 

The case in question was called to my attention by Dr. Jolm F. Noble, 
of the Department of Pathology. At an autopsy of a woman 74 years 
old, he found three enormous galLstones, the largest measuring appro.vi- 
mately 40 mm. in diameter, impacted in the lower end of the conunon 
bile duct (Fig. 1). Not only had these distended the duct to almost the 
size of the duodenum, hut the lowest one had telescoped the major 
papilla until it protruded into the lumen of the gut for a length of 
3.5 cm. At its greatest diameter this giant papilla measured 2.5 by 
1.6 cm. In this process its upper (basal) end had eventually over- 
lapped the minor papilla by a distance of 15 mm., and the usual slit- 
like fene.stra through which the duets enter the duodenal wall had been 
enlarged to a round “window” 3.2 cm. in diameter. Finally, the roof 
of the papilla had developed a small fistula which eventually would 
have permitted expulsion of the stones into the lumen of the gut and 
the production of a gallstone ileus. 

.\s this phenomenon was of special interest to the radiologists, the 
specimen was photographed and drawn under the direction of Dr. Leo 
G. Rigler in prei)aration for a di.scu.ssion of this aspect of the ea,se. (See 
Fig. 2 of the article by Rigler, Borman, and Noble.-) 

The problem which presented itself to the anatomist was the reaction 
of the musculature of the papilla to the pres.sure of the terminid stone; 
that is, which of the circular bands of the sphincter of Oddi (Fig. 2) 
prevented expulsion of the growing .stone through the natural orifice of 
the papilla? To this end, tlie pancreatic duet was first dissected, then 
the terminal tl..") cm. of the papilla was -sectioned serially, at Sji, and 
stained for smooth muscle with the Hallory-Azon technique. 

Attention was first directed to the fate of the main pancreatic duet. 
Grossly it could be probed through the posterior wall of the papilla to 
within 3.3 mm. of the orifice of the papilla (see where solid outlines of 
the ductus imncreaticus end in Pig. IB). This is approximately the 
level of the micro.scopic section shown in Fig. 3.1. The lumen of the 
pancreatic duct still shows in this section, hut below this level the duct 


litt'cKcfl for publicvition, July 3. 1911, 
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is represented onl3' bj' a mass of somewhat macerated glands. The con- 
tinuities of tins mass permit two interpretations: tlie duct either could 
liave emptied into tlie valvula-lined cavitj^ interpreted as ampulla (at 
the level indicated in Fig. 3iJ) or could have continued to a separate 
orifice on the posterior end of the papilla (in which case there would 
have been no ampulla). In either event the terminal portion of the 
pancreatic duet was occluded, presuinablj’^ bj'^ pressure of the lowest 
of the three stones. ]\Iieroscopie sections of the bod.v of the pancreas 
(prepared by the pathologists) showed “nothing of note.” Therefore, 
the pancreatic juice must have found an outlet through the accessory 
pancreatic duct and minor papilla, the latter being located at the junc- 
tion of the major papilla and tlie anterior wall of the duodenum, 15 mm. 
below the upper end of the major papilla. 


C. i). duet 
distended \ 
hy stones / 

Pars dcsc. duod. 



-Fenestra 
choL. 


/ j-FistuLa 


, D.panc.-- 
-A. ^ from taiLJ 


of pane 


-Major pap. 

(telescoped by Stone) 


Fisr. 1. — A. Dissection of duodenum, puncieas, and bile duct of a woman 7j years 
as seen from tbe posterior aspect Autopsy No. A40-2308 (U. of Minn. 


Path Coll.), fj 2, 3. Gallstones impacted in lower end of common bile duct. Fenestra 
rhoJ Distended “window” through which ducts enter the duodenum, i?. Enlaiged 
detail of major papilla. Pancreatic duct swings across posterior wall of papilla, its 
lumen ends where solid outline stops. 


Having established the position of tJie pancreatic duet, it was then 
possible to identify the sphincter eholcdoehus. This immediately sur- 
rounds the common duct and, on tlie pancreatic side, intervenes between 
bile and pancreatic ducts. In this specimen (Figs. 3^1 and B) the left 
half of the ring was hypertrophied and wa.s the miusele whicii was hold- 
tbn qtone and prevenling its expulsion. TJio right portion of the 
Hn- surrounding the valvula-lined cavity (labeled Amp..^ in Fig. 3/t) 
was%iilyslib'l>tl.v developed. 

. apparent that m this iialieiit the muscle wiiieli was pre- 
the oxpuiaion of the .stone was the spliineter clioledocliii.s, this. 
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regardless of Bdietlier the sections are to be interpreted as indicating 
that the duets emptied separately or through a common ampulla. 

Of special interest are certain facts brought out in the long autopsy 
report. The patient teas hospitalized three times within a period cov- 
ering the eighteen months before death. The first admission was pre- 
ceded b}’ a general malaise of ten da.vs’ duration, ehai’aeterized by 
sharp pain in the tipper quadrants, nausea, vomiting, anorexia, and 
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Fib. 2. — Diasram (based on di.ssccted specimen) of a lonBitudinal section of a 
normal major papilla, as viewed from the anterior aspect (X3). This displays the 
tliree sets of circular muscle.s comprisinB the sphincter of Oddi, which surround the 
intraduodenal portion of tlie duct.s. Spli. chol. Circular sheath around the bile 
duct (always pre.sent). Spii. map. Slicatli encircling tlie ampulla of Vater (well 
developed In only one-si.\tli of individuals). .S')))i. pniic. Pancreatic sheath (present 
In only one-tliird of individuals: cf. Kreilkamp and Boyden. 1910*). Mafyo sun and 
III/. Margins of slitlikc windows througli which ducts enter the duodenal wall. 

jaiiiidici', witl) stools ueimtive. After three weeks of rest and fat-free 
diet, icsiiltiiie: in marked iniproveineiil and the di.sappearanee of the 
jauiidict*, the patient was di.scliareed. liie inference litnng that common 
duct stones had liccn passed. 

Six nioiitlis hitci' slie was readmitted following an automobile aeei- 
(leiit. During tlie five-day period in which she was under observation, 
(‘xamination of the alidomeii was negative. 

In anotlier eleven months she was admitted again, this time in coma- 
to.se condition (after severe pain of only two d:iys' duration). Seven 
hours later the iialient (‘xpii-ed. Autopsy resulted in a diamiosis of 
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choledocholithiasis, biliary cirrhosis (involving liver cells around cen- 
tral veins, and dilation of pigment filled intrahepatic ducts), and ob- 
structive jaundice. The gastrointestinal contents were still dark, indi- 
cating that some bile still trickled through the papilla, presumably 
through the channel indicated by the arrow in Fig. 3.1. Had the stones 
beeir passed through the fistula, gallstone ileus would surely have re- 
sulted.- 

Frotu the data, it is not possible to estimate bosv long it took to lovni 
these large stoires. Brrt in view of the case described by Cameron,'* in 
which thirty-eight cholesterol stones (the largest measuring 17 by 15 
by 12 mm.) were formed in the eighty-six days elapsing between 
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Fig 3 Two sections thiough the louer end of the major papilla sho^^n in Fii?. 1 

(X5) Section 3^/^ mm from orifice of papilla, at level where lumen of pan- 

creatic duct stops Anow indicates channel to light sale of stone for passage of 
bile B. Section 0 5 mni below A, at level of bottom of stone (cf Fig. IR). Amp ' 
Hither the ampulla (at about level where the pancieatic duct would Join it if its 
lumen had not become obliterated) or the lower end of the bile duct Note dense 
livpei trophied ring of the sphincter choledochus, sunounding lower end of cavity 
occupied by stone 


cliolecvstostomj' and eholee.ystectomy. it is not unreasonable to assume 
that the three stones of the specimen in question foi’med ivithin tlie 
eleven months elapsing between the patient's second and third periods 
of hospitalization. 

In reconstructing the sequence of events, it is presumed that a mod- 
erate-sized stone which was too large to he passed at once reached the 
lower end of the papilla and was held by a spasm of tlie .spliincter 
choledochus As the stone greu- by accretion, the spliincter eorrespond- 
in-lv Inmertrophied. As more material was added to the upper end 
oAiie stone it extended through the window in the intestinal ^\all; but 
Lein- held by other stones in its rear, it simultaneously telcscojied ti.e 
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papilla, dra-ffing the mucosa of the gut out upon it Finally, it eroded 
the roof of the papilla, hut before it could escape, death from liver 
damage intei'vened. 


REFESESCES 

1. Bovden, E. A, ; Tlie Spiacter of Oddi, Subcesy 9: 4-t3-d46, 1941. 

2. Sigler, Eeo (J., Borman. C. X,, and Xoble, John S'.: Gall Stone Obstrnetion, 

J. A. il, A. In press, 1941. 

3. Sreilkamp, B. B., and Bovden, E. A.; Variability in the Composition of the 

Sphincter of Oddi. A Possible Factor in the Pathologic-Physiology of the 
Biliary Tract, Anat. Bee. 76; 4S5-497, 1940. 

4. Cameron, Angus L,: The Time Element in Gall Stone Formation, J. A. U. A. 

SI: 1671-72, 1923. 



570 


surgery 


tjol °X!!Z fit™ ■'’? 

lough the channel indicated bv tbt anrow^ ' P-*' P^’esumably 

:x£- -n.^ - .stni. r - -r- 

these large stonel'^BVtTn^Zfof 

which thirty-eight cholesterol stone. tp T "^^s^^^'h’ed by Cameron/ in 

by 32 mm.) were formed in the e o Zi^rf by 15 

e«bh-six days elapsing between 


SpkcM. 

. A r. — i-< — . 



JD. pane.? 





B 


t '* V 


Jpacc occup, by stone Rntt^ ' c Arnp. ? 

Either the ampulla (at aboSr of stone^rrfi #• of 

lumen had not become obiifiv.. co 1 f * where the pancreifi<i°m,„» ^'.6^- I-®)- Ump.t. 
hypertrophied rin| of the 'ower em[ of the hn/T''! J"'" 'f “« 

occupied by stone.^ sphincter choledochus, surrounding^ lower'^end^of*^ dense 

eliolecystostomy and choleeystectoniv n .y. > * 

that the three stones of the specimen in ‘1^-'^"'"° 

eleven months elapsing between the tvitin i formed witliin the 

of hospitalization. f bird periods 

In reconstructing the sequence of event, n a. 
erate-sized stone which was too lar-e to be n-i«. 'bat a mod- 

lower end of the papilla and was "held by a snasm 
choledochus. As the stone grew by accretion tlio snliirmt 
ingly hjTiertrophied. As more material was’ achleS 11 bl 
of the stone, it extended through the window in the intestinal' wld7 
being held by other stones in its rear, it simultaneously telescoped the 




COMPAEATIVE ABSOEPTION BATE OF SULPANILAJIIOE 
PROar TPIE PLEURAL CAVITY, PERITONEAL CAVITY 
AND GASTROINTESTINAL TRACT IN DOGS 

H. B. Haag, M.D., C. R. Si'E.vlmax, Ph.D., and H. liL McCue, H.D. 

Richmond, Va. 

(From the Fleiiartmeni of Physiology anil Pharmacology, Medical 
College of Virginia} 

' I ‘HAT THE .sulfonamides may be absorbed when used locally has 
been reported by several c-linical observers^-'' For instance, Jensen, 
Johnsriid, and Nelson^ have reported tliat after dusting 10 Gm. of 
sulfanilamide into a compound fracture site in man, a peak blood con- 
centration of 1-1 mg. per 100 c.e. was I'eached after eighteen lionrs; 
sixty hours were required for its complete di.sappearance from the blood. 
In discussing the local application of sulfanilamide in the clinical treat- 
ment of empj'ema and lung abscess, xVdains’ states: “The blood level of 
sulfanilamide has been determined at regular intervals, since it is con- 
ceivable that absorj)tion to a toxic degree could take ])lace. In our eases, 
onl}’’ low Ie\mls of sulfanilamide were found,’’ However, no e-Kperi- 
mental studies concerned ivith the comparative extent of absorption of 
sulfanilamide from local ajipiieation and from the gastrointestinal 
tract have come to our attention. The obvious importance of this 
prompted the experiments liei'ciii reported in Ailiicli dogs were used as 
experimental animals. 

Because of the interest of our surgical department in the use of sul- 
fanilamide in the chest cavity and in the peritoneal cavity, absorption 
from these two sites was compared with absorption from the gastro- 
intestinal tract. The surgical procedures were carried out aseptieaiU' 
under ether anesthesia without prcniedication. In the experiment.s with 
the chest ea^-ity, a long incision was made in the fouifh right inter- 
space and through the parietal pleura. The sulfanilamide was then 
dusted on the visceral pleura and the incision closed with .silk. In the 
ease of the peritoneal cavity, a midline incision was made about mid- 
way between the symphysis pubis and llie xyphoid of the .sternum, the 
sulfanilamide being dusted over the intestines immediately imder (he 
omentum. For oral admin Isf rat ion the drug wa.s given in wider sus- 
pension by way of a stomach tube. The sulfanilamide used was api>ro.\-i- 
luately a No. 100 mesh powdei-. All of the dogs were deprived of food 
for some twelve iiours prior lo llie experimental procedures. con- 
trol blood .sample was taken immediately before the admini.stndion of 
sulfanilamide and for the first .six or .seven honns at hour intervaU. 

t in the case of three expcriment.s concerned with ahsoiqitiou from 
S^pleural surfaces, wlicn the fii-sf .samples wen- taken after thirty 

/or pvmucwioo. Jan. W.. 
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.mutes. In all cases a final sample was taken twenty-tour hours atte 
sulfanilamide administration. The blood content ot sultamlamide 
<as then determined by the method of ilarshall and Litchfield 
Table I mves the results of one series of studies in which the do.se ot 
ulfanilamlde used in all three methods of medication was 100 mg. per 
alo-ram of bodr weight. Four dogs were used ior he pleuial and 
.astrointestinal administrations, five for 

ilood concentrations are depicted graphically in Pig- 1- Statistica 
malvses indicated that there was no significant difference in the exten 
of sulfanilamide absorption from these various routes ot administra- 
tion As is apparent from Table I, the greatest individiia variation 
occurred in the dogs in which the drug was applied to he pleural 
cavity In another experiment two dogs were given sultan i amide 
(60 mg. per kilogram) by each of the three routes of adminrstration 
with an interval of ten days between medications, and similar lesults 
were obtained. As judged from these animals, there ° ^ 

as much variation in the same dog in its re.sponse to sulfanilamide bj 
the three modes of administration as there is between different dogs 

so treated. 



W 1 romoarative absorption rate of sulfanilamkle in doss followins various routes 
Fig. 1 — Vomparame^^^^.^^ sulfanilamide. 100 niff, per kilogram. 


coxci.csroxs 

In the normal dog sulfanilamide is cfiually well absorbed from the 
pleural cavity, iieritoiieal cavity, and gastrointestinal tract. Trans- 
ference of these re.sults to the use of .sulfanilamide in a diseased chest 
or peritoneal cavity in man is, of eoiir.se, difficult. These c-Kperiments. 
however, .serve a useful purpose in calling attention to the pas.sible 
magnitude of ab.sorption from the jileural and peritoneal cavity, and 
hence to the need of some regard for the amount of sulfanilamide ap- 
plied to these area.s. They also simgest that .such ab.sorption he kept 
in mind, if in addition to its local use, other sinuiltaneoiis .sulfonamide 
therapy Ls contemplated. 
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Parker ami her associates’’ wei’o aJile to flemoustrate that i-ab- 
bits, wbieh liatl been immunized by the intravenous iniection of small 
doses of dermoneerotoxin, developed an antiserum in their blood which 
would protect normal rabbits against staphylococcal toxin, and that 
the serum was capable of neutralizing the toxin both in vivo and in 
vitro. Burnet-^ in 1929, working independently, confirmed her work. 
Panton and Yalentine^® came to the conclusion that the important anti- 
body in tlie antisera is antileucocidin. Even though toxins of indi- 
vidual strains are capable of producing an antiserum which contains 
all of the antibodies, the proportion of these antibodies in the different 
antisera varies greatly one from the other. Some are capable of pro- 
ducing a serum with a high antihemolysin titer and a low antileucocidin 
titer, while another strain will develop a serum with a high antileucocidin 
and a low antihemolysin titer; thus different strains of staphylococcus 
are capable of producing these antigens in varying strengths. 

The data’’^'*® obtained on natural and acquired immunity in human 
beings has for the most part been determined in studies of the anti- 
hemolysin liter of the blood and skin sensitivity to toxin. Even though 
the antiliemolysin test measures only one antibody, it is the simplest and 
most reliable method of determining the amount of circulating anti- 
toxin. In 1932 Bryce and Burnet'’^ studied the antihemolysin levels in 
the sera of human beings in various age groups. They demonstrated 
that at birth there was a high titer which rapidly fell over a period of 
a few weeks to a very low titer. From this point there was a gradual 
increase in titer -as the years advanced. Using the I. U. defined as 
“the specific neutralizing activity for staphyloeocciis toxin, contained 
in 0.5 mg. of tlie standard preparation,” the following workers found 
the antiiiemolytie titer in normal human sera to be: Murray,^® O.d to 2 
units; Blair and Hallman, “ 0.5 to 1 tmit; Whitby,'” 0.5 to 2 units; 
Dolman, 0.3 to 1 unit; Nelis and Poncelet,^’ 0.15 to 1.5 nnit.s; and 
Buchman.’" less than 1 unit. All these determinations tvere made in 
human being.s who gave no liLstory of sfaphyloooecal infection. 


Determinations of the autihemoly.sin titer of the sera from patients 
with .staphylococcal infections have been made in order to studv the 
ac(|iiircd immunity wliicli might lie developed in these cases. The' cases 


involving only the .soft tissues show no measurable ri.se in nntihemolyshi 
titer of the sera. Whitby,” Dolman,''--” HiuTajv’s and Parish and 
associates”- “ found the levels in jlieir cases with infection to be the same 
as found in sera of normal patients free from .stajihylocoecal infections 
Connor and .IteKie,'-' on tlie oilier hand, report a definite elevation in 
(lie (iter of ea.sc.s with slai>iiyJoeoeeiis infection. This wa.s partienlarly 
so in the patients with a earbnncle or a deep .soft tissue abscess. In cases 
of osteomyelitis Dolmaiv”--” and Hurray^ report a much hmher titer 
ranging between 5 and 11.7 1. U. XelB and Ponceict.^^ Blair and Hall 
man.'- - Bnehman,'" and Whitby- found the titer.s in similar eases to 



STUDIES OP ANTIHEMOLYSIN LEVEL IN PATIENTS WITH 
STAPHYLOCOCCUS INFECTIONS TEEATED WITH 
STAPHYLOCOCCUS TOXOID 


Alfred B. Longacre, M.D., New York, N. Y. 

(From the liaotcrioloyical Fesearch Laboratory of the Department of Suryery of 
the College of Physicians and Surgeons, Columbia University, the 
Presbyterian Hospital, and the Vanderbilt Clinic) 


OINCE the discoveries of sulfanilamide and its related compoimcls, 
attention has been focused more toward the treatment of acute in- 


fections witli these newer drugs than toward the i^revention of the oc- 
currence of these infections. These drugs have proved to be very ef- 
fective in the treatment of infections caused by many varieties of bac- 
teria. . Eecent reports indicate' that sulfathiazole should prove more ef- 
fective than either sulfanilamide or sulfapyridine in the ti’eatment of 
staphyloeoeeal infections. In spite of tlie accumulating evidence that 
sulfathiazole is to some degree effective in staphylococcic infections, 
further study is necessary before definite conclusions as to its value can 
be made. However, in this newer enthusiasm we must not lose sight of 
the fact that the prevention of tliese infections is of much greater im- 
portance. 

Even though Parker' is credited with creating the recent stimulus to 
the study of staphylococcal toxins and antitoxins, most of the actions 
of staphylococcal toxins had Ijeen ohserved by workers prioi' to her I'c- 
port. Van de Velde^ in 1S90 observed that leucocidin destroyed white 
blood corpxiseles. Necrosis of a rabbit ’s skin, following intradermal 
injections of staphyloeoeeal filtrate.s, was reported in 1899 by von 
Lingelsheim,'* and in 1900 Kraus and Clairmont'' observed the hemolysis 
of mammalian erythrocytes in cultures of staphylococci. In tlie same 
year Kraus and PribranP observed the killing of rabbits within 30 
miimtes following the intravenous injection of staphylococcal filtrates. 
Another property of staphylococcal metabolism, the capacity of coagu- 
lating plasma, was first described by Loeb“ in 1903. It was not until 
Parker' repoi’ted her studies of the dermonecrotic and lethal toxins that 


the antigenic possibilities of these toxins were realized. 

Since the report of Parker,' many workers'""'' have been studying the 
aiiti'wnic properties of these toxins, both Horn a therapeutic imint of 
view and as a means of stimulating antibodies to i)revent the infections. 
Clinically there is evidence that natural immunity to staphylococcal 
• f ‘tionV varies greatly with individual.s. There are tho.se who develop 
infections from the .slightest exposure while others are able to resist or 
I"inhni/.e these infeetion.s. 


Keceivod 


for piiblji-’.itlon, Jan. 
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the 1 or 2 unit rise associated with lesions of the skin and subcutaneous 
tissues. Blair and Hallman-®-^® found increases averaging between 
twelve- and twentyfold of the original titez-s. Bnehman®® and Hite and 
co-workers*"’ made a similar observation of rise in titer but felt that 
this increase of antihemolysin in the serum was no criterion of the clin- 
ical status of the ease. Dolman®®- ** likewise failed to observe much clin- 
ical improvement, even though he was able to raise markedlj’ the titer of 
the blood. The results of these workers are not as encouraging in their 
eases of chronic osteomyelitis as were the findings in the eases of more 
superficial lesions. 

The observations in this report were made on patients Heated in the 
Presbyterian Hospital and Vanderbilt Clinic in New York City. All 
of them were suffering from either persistent or recurring staph 3 docoeeal 
lesions which had proved resistant to otJier forms of therapy'. In all 
instances hemolytic staphyloeoecus was cultured from their lesions; in 
5 of 9 cases of chronic osteomyelitis, nonhemolytic streptococcus also 
grew out. 

The degree of immunitj' conferred was detei-mined obsei'vation of 
clinical improvement and the measurement of the antiliemol.vsin titer of 
the sera. The antihemolysin titer was determined prior to the course of 
injections of toxoid, at intervals during the course of treatment, as well 
as at intervals for an indefinite time following the completion of tlu' 
course of toxoid therapy. Even tliough the level of the antihemoly'sin 
tiler does not necessarily accurately measure the degree of immunity 
developed, it is of value in that it has been used by other observers and 
forms a basis of comparison. As the follow-up on the eases has not been 
of sufficient duration to evaluate the incidence of recurrence following 
treatment, it will be impossible to do more than indicate the clinical 
value of pepsin-digested toxoid therapy in these patients. 

This toxoid* was prepared by the action of pepsin enzyme on staphylo- 
coccal filtrates of Imown toxin titers after the znethod of Paiientjev.®® 
This toxoid was supplied to us in a concentrated form and appeared to 
have some distinct advantages over the formalin prepared toxoid. Ob- 
servations made at the Lederle Laboratories show that the local and 
systemic reactions following the injections of the pepsin-digested toxoids 
did not appear as frequently and were mt as severe as those reported 
when forznaiin toxoid was used. This was confirmed by us. It was also 
found tliat pepsin-digested toxoid could be given in concentrated form, 
thus obviating the multiple injections of the diluted to.void followed hr 
nuiUiplc injections of concentrated toxoid. It is also jzossibie with this 
<().\oid to increa.se j’ajndly the dosage to that which wa.s used in jill sul)- 
sc<|uent injections in these patients. 

Tiio types and zuimber of these eases studied are givezi in the foliowin«^ 
table : 


•T1.0 to.xoia U«:,i ,v.is .1 new- prcp.irat!on supplied by Lederle Uiborutories. 
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lie tlie same or only slightly elevated as compared with normal sera. 
These discrepancies in the findings only confuse the picture. On the 
other hand, they might he interpreted to mean that the antihemolysin 
titer of eireulating blood tells only part of the story of existing' im- 
munity, and that in conjunction with the antihemolysin level, determina- 
tion of the other antibodies should be performed. 

Experimental work with staphjdocoeeal toxin, antitoxin, and vaccines, 
though not encouraging, prepared the ground for the studies of 
staphylococcal toxoid as an immunizing agent. Employing Eamon’s 
method, Burnet'*'’’ ■** in 1931 showed that staphylococcal toxin could be 
detoxified with formalin and still retain antigenic properties. Since this 
time other methods'*""'*® of detoxification have been tried and found to 
be nearly as effective. Studies by numerous investigators confirmed and 
added to the observations of Burnet. This work was again confirmed b.y 
Parish, O’Meara, and Clark.®' They employed the antihemolysin test 
as their index of the degree of immunit}^ conferred by the toxoid. 
Smith'*"’ '*® studied the spacing of the dose and quantity of each dose, and 
concluded that larger doses are more effective than smaller ones and 
that a better response was obtained when they were given at intervals 
of twentj'^-one to twenty-eight days. In 1936 Holm, Anderson, and 
Leonard'*® described their bacteriophage toxoid. Antihemolysin tests 
in rabbits treated with this showed higher titez’s than the control rabbits, 
which were treated with the regular toxoid or just bacteriophage. 

The tremendous volume of expei’imental woi’k which has appeared 
in the literature points to staphylococcal toxoid as the znost effective 
method of elevating staphylococcal antihemolysin in rabbits. These 
rzzbbits are protected against injections of znassive doses of toxin azzd 
living organisms. The trazisfer of this pi’izzciple fronz the laboratory 
aziimal to the human patient has met with znore or less success. The 
literature contains numez'oizs reports of good zesiilts following the u.se 
of staph jdococcal toxoid izi patients suffering with acute and chronic 
.staphylococcal infections. iHaziy of the z'epoi'ts give the figures of 
the antihezuolysin liter before, during, azzd after courses of toxoid 
therapy. Among the znazi 3 ' workez-s with eizcouz-cigizzg clinical I'esuJts 
are Dolmzin,®®"®*’ JlaeDoziald,"’® Th.vgc.sozi,®'* Eainon and co-woi'kcrs,'’* 
Murrav *’® Whitbj’,®* and Blair azzd Halbnazi.*”'' Each of these ob- 
servei'S admits that he could not alwa.vs correlate the clinical results 
with the antiheinol.vsin i-e.spoJZ.se observed. WJierejz.s in sonic eases those 
individuals showing the iioore.sl antihemolysin i-esizonse showed the best 
'•linical results, othei-.s develojzcd a liigh titei- and it jzoor clinical result. 
K'indel and Costello,®'* as well as Cornhieet and Eattnei-,*" failed to eon- 
the "ood re.sults observed by the olhei-s. The work done in cases 
"^"^1 ic osteomyelitis h.-is not been .so encouz-aging from the clinical 
of chioni ' ■ to the (piestioiiable clinical results is the more 

point antihemolysin titer in those eases zis eomjzarcd with 
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tlie 1 or 2 unit rise associated with lesions of the skin and subcutaneous 
tissues. Blair and Hallman-®' found increases averaging between 
twelve- and twentyfold of the original titers, Buehman®® and Hite and 
co-workers®'' made a similar obseiwation of rise in titer but felt that 
this increase of antihemolysin in the serum was no criterion of the clin- 
ical status of the case. Dolman®®’ likewise failed to observe much clin- 
ic'dl improvement, even though he was able to raise markedly the titer of 
the blood. The results of these ivoi'kers are not as encouraging in their 
cases of chronic osteomyelitis as were the findings in the eases of more 
superficial lesions. 

The observations in this report were made on patients treated in the 
Presbyterian Hospital and Vanderbilt Clinic in New York City. All 
of them were sulfering from either persistent or recurring staphylococcal 
lesions which had proved resistant to other forms of therapy. In all 
instances hemolytic staphylococcus was cultured from their lesions; in 
5 of 9 cases of chronic osteomyelitis, nonhemolytic streptoeoeens also 
grew out. 

The degree of immunity conferred was determined by observation of 
clinical improvement and the measurement of the antihemolysin titer of 
the sera. The antihemolysin titer was determined prior to the course of 
injections of to.void, at intervals during the course of treatment, as well 
as at intervals for an indefinite time following the completion of the 
course of toxoid therapy. Even though the level of the antiliemobvsin 
titer does not necessarily accurately measure the degree of immunity 
developed, it is of value in that it has been used by other observers and 


forms a basis of comparison. As the follow-np on the cases has not been 
of sufficient duration to evaluate the iucideuce of recurrence followino- 
treatment, it Avill he impossible to do more than indicate the clinical 
value of pepsin-digested toxoid therapy in these patients. 

This toxoid® was prepared by the action of pepsin enzyme on staplivlo- 
coecal filtrates of known toxin titers after the method of Parfentjev 
This toxoid was supplied to us in a concentrated form and appeared to 
have some distinct advantages over the formalin prepared toxoid. Ob- 
servations made at tiie Lederle Laboratories show that the local and 
systemic reactions following the injections of the pepsin-digested toxoids 
did not appear as frequently and were not as severe as those reported 
when formalin toxoid was used. This was confirmed bv us. It was also 
found that pepsin-digested to.xoid could be given in concentrated form 
(hus obviating the multiple injections of the diluted to.xoid followed bv 
multiple mjectious of coucentvated toxoid. It is also possible with tJds 
toxmd to .ncrea.se rapidly the dosage to that which wa.s used in all sub 
.se.pienf ....jections m these patients. 


Tl.e types and nun.her of these cases studied are given in the 
table -. 


following 


•The loxosa u preparation supplied pj. Lederle Laboratorie 
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SURGERY 


Ostwmiyelitis : 

n. Acute j 

h. Cliroaie 9 

Soft tissue lesions: 

a. Turuneulosis 16 

b. Carbuncle 3 

c. Axillary abscess 3 

( 1 . Pustular dermatitis 2 

e. Recurrent infections of cutis over anterior 
closed space 1 

These total 35 cases witli 7 dift’ereiit manifestations of the infections 
caused by the staph.ylocoeeus organisms. 

The toxoid was administered h^ypodermicallj^ into the subcutaneous 
tissues. Usually tlie size and frequenc}'' of the dose administered was 
deteirained by the patient’s reaction to the injection. The reactions 
encountered or associated with the administration of toxoid can be 
classified as being local or s.ystemie or both. In those patients showing 
a reaction, this usually would appear twelve to eighteen hours following 
the injection and persist eighteen to twenty-four hours after its appear- 
ance. The patients who developed a slight pain immediately after tlie 
injection and in wliom this pain had subsided in four to eight hours are 
not included in tlie group of local reactions to be discussed. There are 
19 patients who showed a definite local manifestation of longer than 
eighteen hours. In this group, 8 complained of only a slight pain which 
was not particularly annoying and in no way incapacitating. E.xamina- 
tion of these patients was negative for swelling and redness, but in some 
there was a suggestion of slight thickening of subcutaneous tissues. 
There were 10 patients complaining of pain which was very bothersome, 
in many instances interfering with their dailj' routine. In such eases 
examination usually revealed local swelling with or without redness but 
Avith a more definite sense of thickening of the subcutaneous tissues. 
There Avere no patients Avith an associated lymphangitis or lymphad- 
enitis. All of these reactions subsided AA'ith rest. 

Systemic reactions aa^ci’c A'ciy infrequent, only 6 cases shoAving u21.a' 
general manifestation Avhich could possibl.v be a.ssoeiated Avith the to.v- 
oid. In 5 of them, this reaction avuis purely subjective, the complaints 
being mainly tlmse associated Avith lo.ss of feeling of Avell-being. In 1 
there AA'as a definite pyrexia Avith a.ssoeiated chilly sensations. All cases 
Avith SA’stemie manifestations had an a.s.soeiatcd local reaction of i)ain 
and swelling. 

The routine, in amount of initial do.se, rate of increase ot do.sagc to 
the maximum single do.se, and frequency of the dose, changed somewhat 
our experience Avith this toxoid increa.sed. In oz'der to avoid marked 

1 ■•'ctions and mild .systemic reaction.s, the early ca.ses i-eceived the 
1 as^folloAVs: initial dose, 0.1 c.c. of 1:10 dilution of lo.xoid: suh- 
to.xoicl as . . each time by O.l c.c. until a maximiim of 0.!) c.c. 

sequent doses mcJt.istu 
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of 1:10 dilution had been reached. At tliis point the patient then re- 
ceived 0.1 e.c. of undiluted toxoid and a course of injections of increasing 
doses, with 0.1 c.c. added to each until the dose finally reached 1 c.c. 
undiluted to-xoid. The injection would be given at intervals of three to 
seven days, varying somewhat with the presence or absence of a reaction. 
The total dose would equal approximately 6 c.c. of undiluted toxoid. 
In spite of the 1 .TO dilution, local reactions were observed during the 
first part of this course. Beeau.se of the time consumed and the mildness 
of reactions, the routine in these cases was changed to the following 
program which was used in all of the later cases, comprising the ma- 
jority of the series; Starting with 0.1 c.c. to 0.5 c.c. of undiluted toxoid, 
the dose would be increased to 1 e.c. as rapidly as the patient would 
tolerate it. In many eases this could be reached by the third injection, 
the second being 0.5 e.c. The remaining doses would be 1 e.c. of un- 
diluted toxoid given at intervals of two to four days. A total dose 
of 6 to 8.5 e.c. was desired in each ease. In a few instances therapy was 
stopped short of this total dose. However, this stopping of toxoid 
therapy before the desired dose of 6.5 c.c. had been reached was in no 
instance the result of either a systemic or local reaction to the toxoid. It 
usually was the re.sult of the clearing of the infection and the consequent 
failure of the patient to return for furtlier treatment. Contrary to our 
expectations, tliis rapid increase of dosage was not aceom])anied bj' any 
more reactions tlian by the older method of administration. Many of 
the patients did not have even local pain and could go through the series 
without interruption. In some instances reactions would appear about 
lialfway through the course. When this oeciin-ed, the next dose was 
either postponed or eiit in half. By this method it was possible to give 
the patients a complete course in fourteen to twenf}"-one days instead of 
prolonging it over a period of months, as the previous methods of ad- 
ministration required. 

itost of the patients requiring and receiving only one such course of 
treatment sliowed some elevation of their antihemolysin titer before its 
completion. In eases which failed to show an increase, the toxoid was 
either continued until a total of 12 to 15 c.c. had been given or the pa- 
tient was given a rest period of ten to fourteen days before starting a 
second series of six injections of 1 e.c. each. Attempts to maintain a 
high titer or to i-aise the titer above a maximum for an individual by 
contimiing the toxoid wore of little avail, since the peak titer would per- 
sist only a few days. 

By making frequetit determinations of the antihemolysin level, the 
reUuion.ship of the rate of rise to the amount of toxoid given and the 
time at which the maximum titer was fii-st reached was observed. 

Table I vives the titer found in the patients before thev received 
toxoid. 
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0.5-0.9 
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1,5 
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SB 
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C/ironic osteomyelitis 

0 



2 
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~~ -■ 

1 






Acute osteomyelitis 










1 



Furunculo.sis ^ 

5 

3 1 
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2 






Carbuncle 

3 












Axiiliiry abscess 

1 1 

1 


1 1 






I 



Pustular dermatitis 


2 

i 

A ] 


1 

1 






Recurrent anterior 


2 








1 



closed space infections 








1 1 


( 



Totals 

11 

7 

4 

8 

1 

1 




1 1 
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The initial titers hi these eases ai‘e similar to those found by otlier 
observers for the respective lesions. Whitby’^ reports titers in clironic 
osteomyelitis varying from less than 1 unit to a 'level above 5 \inits in 
the majority of his eases. Blair and Hallman-'*’ repor't 64 of their 
eases with a titer of less than 3 units and only 16 with more tlian 3 
units. Mnrray^^ reports 7 eases of chronic osteom}’'elitis Avitli the average 
level of 11.7 units; Dolman®®’** found 5 to 10 units to be the normal 
range in his cases of chronic osteomyelitis ; while NHis and Poncelet®® 
found the titer in their cases to be less than 3 units. In cases of more 
superficial or soft tissue lesions, Whitby,®' Blair and Hallman, ®“> and 
ilfurray®* report all but 5 of a total of 415 eases to have less than 2 
units, of which 337 Jiad only 1 or less units of antihemolysin in the tested 
serum before receiving inoculation. In our series, including all typc.s 
of lesions, 30 oases had 2 or less units in the tested serum. Of the re- 
maining 5 eases, 4 belong in the gi’oup of osteomyelitis and had titers 
of 3, 6, 10, and 16 units. However, only 1 case in the soft ti.sKiie gi’onp 
had more than 2 units. From this it can be said that the majority of 
our osteomyelitis cases agree moi’e closely Avith the findings of Nelis and 
Poneelet®® and Blair and Hallman.®"’ ®" 


As outlined previously, the frequency and amount of lo.xoid viiried 
at times during the course of this investigation. Becau.se of tlie irrcgn- 
larity with svhich we were able to obtain blood from the patients, it wa.s 
difficult to correlate accurately the rate of rise in titer to the amount ami 
frequency of the dose of toxoid. Figs. 1 and 2 and Tables II and III 
o-ive the day at which maximum rise Avas obtained after starting tlic 

toxoid. 

Ostcomijeh'tis. — Fig. I rcpA'e.seids (he ca.sos of ostcomyeliti.s. Of thc.se 
eases 9 showed a definite elevation in their titer before the ronr.se ol 
6 5 e'e of toxoid hud been completed, of which 3 reached their maximum 
1 r 1 The lAAOSimum titer in the remaining 6 ea.ses Ava.s obtained between 
and forty days after discoutinuing injection.s. The remaining case 
w refractory, maintaining a level of 2 unit.s even after rcci-iving 
Avas AeiA < rr , . r this patient Ava.s given a total dose of l.o.'Jfi 
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thoeal ; +. pain; ++, pain and tm’ulllnw". 
tiSyntt-mU*: +, lutha»/?.v, lieadacho, nuilai.sc, 
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Table I 


LESION 

1 NO. OF CASES ANP INJWAL TJTER 
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0 
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7-9 

10-12 

13-15 

lli-lS 

Ufironic osteomyelitis 
.feute osteomyelitis 
Puruaeulosis 

Carbuncle 

Axillary abscess 

Pustular dermatitis 
Keearreat anterior 
closed space infections 

0 

5 i 

1 

1 

n 

0 

1 

i 

•i 

3 

I 

a ' 

1 


1 

1 

1 

1 


1 

1 

Totals 


1 

4 

a 

1 

1 


T" 


1 


I 


Tile initial titers in these cases are similar to those found by otliei' 
observers for the respective lesions. WMtby*'^ reports titers in eiironie 
osteomyelitis varying from less than 1 unit to a -level above 5 units in 
the majority of his cases. Blair and Hallman^®' report 64 of their 
eases witli a titer of less than 3 units and only 16 witli more than 3 
units. Mun'ay^® reports 7 cases of chronic osteomyelitis with tlie average 
level of 11.7 units; Dolman®®- found 5 to 10 units to be the normal 
range in his cases of chronic osteomyelitis; while Nelis and Poncelet®® 
found the titer in their eases to be less than 3 units. In cases of more 
superficial or soft tissue lesions, Whitby, Blair and Hallman,®®- ®® and 
Murray®® report all but 5 of a total of 415 cases to have less than 2 
units, of which 337 had only 1 or less units of antihemolysin in the tested 
serum before receiving inoculation. In our series, including all types 
of lesions, 30 cases had 2 or less units in the tested serum. Of the re- 
maining 5 eases, 4 belong in the group of osteomyelitis and had titcr.s 
of 3, 6, 10, and 16 units. Howevei*, only 1 case in the soft tissue groiiji 
had more than 2 units. From this it can he said that the majoi-ity of 
our osteomyelitis cases agree more closely with the findings of Neli.s and 
Poncelet®® and Blair and Hailinan.®”- ®® 


As outlined previously, the frequency and amount of toxoid varied 
at times during the eoiu-se of this investigation. Because of the irregu- 
laritj^ with which we were able to obtain blood from the patients, it was 
difficnlt to correlate aecvtrately the rate of rise in titer to tiie amount ami 
frequency of the dose of toxoid, h’igs. 1 and 2 and Tables If and HI 
wive the day at which maximum rise was obtained after stiirting the 


toxoid. 

Ostconujelitis- — Fig. 1 represents (he cases of osteomyelitis. Of these 
cases 9 showed a definite clt-vation in their titer before the course of 
6 5 e'e of toxoid had been completed, of which 3 reached their maximum 
1 r 1 The maximum titer in the remaining fJ ca.scs was obtained between 
-ind forty davs after discontinuing iujcetioiw. The remaining cusc 
- v(. 0 -u-torv maintaining a level of 2 iiiiits even after receiving 
was veiu Udwever this patient wa.s given a total dose of Jo,.')-'} 

Tc »d'tS .«« M. m .1,.,-. .n.-.' 
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starting the treatment, tJie titer went up to 3 units. In the majority of 
(he ea.ses, the nia.xinuuu autihemolysin titer was reached within forty 
days utter atavtiug tiicrapy. The average elevation of the maximum titer 
o\er tile initial (iter was only 2 to 4 units, only 3 cases showing a more 
nituked elevation of 13, 16, and 24 units I'espectively. The iiighc-st titer 


ii 
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'll 6 eases was less than 6 units. The highest titer obtained in any one 
^ atient was in the case of acute asteoniyelitis who reached a level of 24 

lilts above bis initial titei. 

■ difficult to correlate clinical results in eases of ebronie o-steo- 
^ vr in so short a period of obseiu-ation. It is fair to say that in 
niyelitis sinuses continued to drain, and there wa.s little evidence 

S cases obseiueu, 
of local improvement. 



Soft Tissue Lesions 
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(local). letlmi'Ky, ninlalsc (general) ; ++, Diiln and swelling (local), malaise and pyrexia (general). 
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A case of ehi’onie osteom3'elitis folbiviiig a compound fracture of the 
humerus three years previous to admission and during which time there 
was a persistent sinus illustrates that in certain cases it may be neces- 
sary to employ other forms of therapy to control mixed and complicated 
infections. Culture of this lesion grew out both hemolytic Staphylo- 
coccus aureus and a hemol.ytie streptococcus. At operation the sinus 
tiact was excised and a sequestrum removed. Postoperatively the pa- 
tient was given sulfanilamide mouth; potent bacteriophage was ap- 
plied locallj’^ as an irrigation and a ivet dressing, and staphylococcal 
pepsin-digested toxoid was given h^'podermically. The lesion healed 
rapidl.v, being completely healed in about three weeks. Likewise, in 1 
of the cases of acute osteomyelitis which did exeeptionallj’^ well, multiple 
forms of therap.y were used in conjunction with the toxoid; the part 
played by toxoid therapy in this improvement cannot be evaluated in 
tliat surgeiy and sulfapyridine ivere used coneomitantty. Another pa- 
tient with chronic osteomyelitis failed to show improvement but felt a 
marked beneficial effect in a subjective sense. If the antihemolysin 
level was maintained above 2S International Units, he would lose his 
lethargj" and despondenc.iq ids appetite would improve, and he would 
begin to put on weight. During the intervals when he was not receiving- 
toxoid, his antihemolysin level would drop below 28 International Units, 
and with each fall of the level, thei-e would be complete reversion to his 
old status. 

Soft Tissue Lesions. — In the soft tissue group of this series, tlie re- 
sponse was generallj" of much less magnitude than was obsei'ved in the 
ease of osteomjmlitis. A total elevation of titer of less than 3 units was 
shown in 16 eases, 6 sliowing elevations fz’oni 3.5 to 13.5 units. In 2 
cases a depression of the titer was observed, and in 1 there was no 
change. Of the 22 cases showing some elevation, this appeared early 
in the course of treatment in 21 of them. There were IS eases showing a 
definite elevation before the course had been completed, 13 of these 
cases reaching a maximum level before or at the reading taken at the 
last toxoid dose. In 6 eases the maximum titer was I'eaehed from five 
to thirty-five days after the course had been completed. From Pig. 2 
it can be readily seen that all but 6 of the cases liad reached their max- 
imum level by the twenty-eighth day or four weeks after starting 
inoculation. There are 2 eases wliicli .showed a persistent low titei- hut 
which rose 2 to 4 units before completion of a .second series of doses. 
Table IF gives a general idea of the clinical results in these cases. In 
this table Ihe heading “recurrence” lists those patients which became 
of their staphylococcal infection but would return with a new lesion 
1 -e- “no change” refers to those in whom tlie local ic-sion noitiier 

. y^tVnor became worse during or following a course of toxoid ther- 
impro\ those who showed a definite regression of their 

wit distinct clinical i-elief, while the Ja.st column refers to 
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those whose lesions cleared during the course of therapy and in whom 
there was no recurrence when seen at the last follow-up visit to the 
clinic. It will be necessary to see these patients at regular intervals 
over a longer period before a final result can be discussed. 





I ■ ' wi titer, there were 7 eases whieh failed to 

sho'.. DL-iierieial clinical re.sponse, 4 of whieh had definite recurrence of 
the Icbioub. The 7 cases classified as improved might well fall into a 
group of probably cured cases if in the follow-up period they do not de- 
wloji a reeuiTenee. The 11 eases listed as probably eured are those 
begun early in the .serie.s and whieh remained eured to date. Conse- 
quently, ius all but 1 or 2 of these cases had had persistent and reeurrin"- 
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iiifeetious irliicli failed to respozid to iiumei’ous measures, the results are 
considered as favorable. 

Ill attempting to correlate the clinical results with elevation of the 
titer, it is interesting to note that 1 case showing a fall of 1 unit after 
treatment was definitely impi-oved, if not complete^ relieved. There 
were 3 cases showing an increase of 3 or more units which were con- 
sidered failures. Of the 18 eases listed as improved or cured, 16 had 
increase of less than 3 units. It is therefore impossible and, from our 
finding's, definitely misleading to conclude that clinical improvement and 
elevation of antihemoiysin titer parallel each other. 

Attempts to maintain a high titer met with little or no success. No 
attempts were made to study this point in this series. One patient with 
osteomyelitis who .showed subjective improvement without local change 
as long as his titer was maintained at a high level has been mentioned. 
This patient reached a maximum fiter of 32 units on the twent3''-seventh 
day. The fiz-st series of toxoid was started and the level returned to 28 
units, which we have been able to znaintain b.y giving 1 e.c. of toxoid 
every two daj^s. In general it might he said that once the maximum level 
has beezz reached and the dose of toxoid discontiznied, there is a gz-adnal 
lowering of the titer. In all hut one of the cashes where this ob.servatioiz 
has beezz made, the final level reached is ozih' slightl.v higher tlian the 
initial titer. This level zvoiild be reaehed usuallj' in a period of six to 
tzvelve weeks. The exeeptiozz iiz tJzis case is a patieizt with aczzte ostco- 
mjmlitis who 140 daj^s fi’oizz the .start of thezapj^ and 123 days .since the 
last dose of toxoid had a level of 32 units, only 4 ziziits below the max- 
imum. level which was reached ozz the tzventy-fourth day after treat- 
ment bad been begun. 

At present, .surgery and physiologic support are our greatest zveapon.s 
•z'^ainst staphylococcal infections. We ai-e all familizir zidlli theiz- limitn- 
tions and with the resuit.s. Cozzsezjuently, izotliing more need he men- 
tioned than that these weapons .serve only zzi heipizzg control the izzi- 


aediate izifection. , • i i 

The valzze of toxoid therapy i.s izt present gozzzg through a trial phase 

,0th expei'imentally and clinically. Kxperinumt.s w.!)z rahhh.s 


.show 
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that it lias definite immunologic benefits for these animals. The work 
with patients, on the other hand, is not as convincing. In the past few' 
years artieles showing good results with many eases but a large number 
of failures ivith others have appeared in the literature, ilost of them 
support its use and make great claims of its effectiveness. Its value in 
acute toxic conditions has not been thoroughly investigated. In view of 
the reports of failures as measured by the antihemolysiu titer, it is ob- 
vious that this index does not neee.ssarily indicate the degree of im- 
munity present. The question of specificitj' of a toxoid to a given 
strain, as well as many other phases of this -work, should be investigated, 
iluch of this is being studied and when complete should give a more 
reasonable answer to the question of the value of toxoid in treating and 
preventing staphylococcal infections. 

SU-MSfARY 

1. The value of treating chronic staphylococcal infections with the 
injection of staphylococcal to-xoid has been discussed. Experimental 
and clinical evidence indicates that this form of therapj' might be of 
benefit in certain cases of this disease. 

2. In this series of patients treated, multiple and fairly large doses 
of concentrated pepsin-digested toxoid were injected subcutaneously. 
No severe or alarming reactions were observed in any of these patients, 
and in onlj' a few instances was the local reaction severe enough to delay 
the usual routine of progressive dosage. 

3. In all oases the change in the antihemolysin titer of the blood was 
compared with the antihemol.vsin level existing before therapy was 
started. In 32 cases, a definite elevation of titer was oh.seJ'vcd, and only 
3 cases showed no elevation of titer. 

■1. In no instance was tlie imticnt made worse by this form of therapy. 

COXCLUSIOXS 

1. Pepsin-digested toxoid was effective in raising the antihemolysin 
tiler in 32 patients with recurrent staphylococcal infections. There were 
3 cases which failed to .show any elevation of antihemolysin following 
IH'psin-digested toxoid. 

2. Pcpsin-dige.sted toxoid can be safely administered in cases of reeur- 
iciil furunculosis. However, in view of tlie fact that pepsin-digested 
toxoid contains foreign protein, the po.s.sihilit.v of reactions in a num- 
hcr of cases must i)e kept in mind. 

3. As tile patients in this series have not been followed for a snf- 
fieicntly long time to allow for correct evaluation of this method of 
treatment, no definite conelusions can be drawn as to it.s clinical efficaev. 
However, as many of the ca.ses showed immediate clinical imiirovcment 
toxoid Ihcrajiy can he coii.sidcrcd an adjunct to other forni.s of therapy! 
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TPIE INACTIVATION OP GROUP-SPECIFIC ISOAGGLUTININS 
IN RELATION TO THE TRANSFUSION OP INCOMPATIBLE 
PLASLIA, SERUM, AND ASCITIC FLUID 


Hakky a. Davis, M.D., New OklE/Usts, La. 

(From the Department of Surgery, Louisiana State University School of Medicine) 


I 'HE last few decades liaA'e witnessed the increasing utilization of 
blood transfusion in biological and clinical fields. It is only recently, 
however, that blood jilasma and blood serum have come into general 
use, despite the fact that they had been used by Guthrie and Pike^ in 
1907 for the treatment of experimental hemorrhage. These workers re- 
ported favorablj’’ on its use and their findings were confirmed by JIauu,* 
Rossius,^ and KaUius.'* Little distinction was made bj^ these early work- 
ers between blood plasma and blood serum. However, Riehet, Brodiii, 
and Saint-Girons'* obtained better results in experimental hemorrhage 
with plasma transfusions than with serum transfusions. The reason for 
the difference in the effects of plasma and of serum is not clear, although 
a clue is provided bj’- the work of Stevens and Lee,“ who noted that vaso- 
tonins were more apt to appear in blood serum than in blood plasma. 
When it is realized that, while some of these vasotonins are vasopressor, 
there does occur a formation of vasodepressor substances, the differentia- 
tion of serum from plasma takes on a new significance. Stewart and 
Harvey" investigated one of these vasodepressor substances and came to 
the conclusion that it was a protein of the albumin type. Jlanj'- of these 
vasotonins, both pressor and depressor, disappear from plasma and 
serum within twenty-four hours after withdrawal from the body 
(Freund®). Nevertheless, they may persist indefinitely (Bayliss and 
Ogden”). 

Despite the establishment of an experimental basis for the use of 
plasma and serum in clinical practice, it was not until a decade after 
the work of Guthrie and Pike* tliat the transfusion of plasma and serum 
into human beings was carried out. The isolated reports of Pa 3 me and 
Steen*” and of ilairano and Teneff** were followed by the work of 
Kunz,*” in 1932, who administered blood serum for hemorrhage in hu- 
man beings. His favorable results were confirmed bj" Filatov and 
Kartasevskij,*” in 1935. These workers transfused plasma obtained from 
Group AB blood into patients suffering from hemorrliage, burns, and 
traumatic shock. Thej* found that plasma could be conserved in a re- 
frigerator for periods of 10 to 330 days without affecting adversely the 
• suits of its transfusion. Their work was confirmed by others (Bur- 
** Alovski and Bureeva,*” and Heinatz and Sokolow"’). It is inter- 
esting to note that the percentage of reactions ranged up to G7.G. 
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Along similai’ lines was the ivoi'k on the utilization of ascitic fluid as a 
transfusion agent. The encouraging results obtained Avith this fluid in 
experimental hemorrhage (Dai'is and White*’) led to its use in human 
beings suffering from acute loss of blood (Dai'is and Blalock**) and 
from hypoproteinemia (ilaes and Darns*®). 

In all of these studies with pla.sma, serum, or ascitic fluid, care was 
taken to determine the compatibilit3' of the ti’ausfusion fluid with the 
blood of the prospective recipient. Recently, it has been suggested that 
the preliminaiy typing of pla.sma and serum is unnecessarj* (Tatum, 
Elliot, aud Nessett=“) and, aeeordinglj-, plasma has been transfused ivith- 
out preliminarj" eross-matehing into human beings (Striunia aud eo- 
Avorkers®*) . 

The problem now arises as to Avhat happens to the incompatible isoag- 
glutinins AA’hen thej' are ti’ausfused into the blood of the recipient in the 
form of plasma, serum, or ascitic fluid. A elue to the solution is proA'ided 
by the Avork of Landsteiuer and Leiine,®® ivho in 1926 demonstrated the 
presence of substances in spermatozoa which are capable of suppressing’ 
the isoagglutinin activitj^ of Group A or B sera. Since that time it has 
been shoAvn that such substances are present in almost all of the tissues 
of man. Schiff“ pointed out, in quantitath'e experiments, that the 
pancreas is richest in these gi'oup-speeifie substances. 

The present investigation was undertaken to detemiue Avhat factors 
are involved in the inaetiAUtiou of group-specific substances. 

Method . — The iiiA’cstigation was carried out iu three parts. 

1. iim in vitro study of the inactiA’ation of isoagglutinins Avas made. 
The tube and .slide method Avas used. Group 0 ascitic fluid was mixed 
Avith varying amounts of Group A or B plasma. In other experiments 
vaiwing amounts of Groups A and B plasma Avere mixed. The presence 
or absence of inaetBation of isoagglutiuins Avas determined by using 
Group A or Group B red blood cells suspended in 0.85 per cent sodium 
chloride solution. In one series of studies, citrated Avhole blood (Group 
A) Avas used as the testing material. The presence or absence of agglu- 
tination Avas determined in all instances by microscopic examination, 
llixtures of plasma aud isotonic sodium chloride solution serv’ed as con- 
trols. Under these circumstances the effects of temperature, dilution, 
and time upon tlie inaetiA-ation of isoagglutinins Avere studied. 

2. The effect of transfusion of incompatible a.seitic fluid into dogs Avas 
studied. The dogs, Aveighing from 10 to 20 pound.s, were anesthetized 
Avith pentobarbital sodium in appropriate amounts. The arterial blood 
pres.sure obtained from the right carotid arterv Avas recorded in the 
tisuiil nmnner. Examinations for the presence of mrglutination of the 
rod blood cells iji the recipient animals AA'cre ean-ied out upon blood ob- 
tained from an ear of each animal. 

d. IiAcompatible a.seitic fluid Aias transfn.sed into .six [latients. The 
method of collection, examination, and storage of the fluid ha.s been 
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described in previous publications. The ascitic fluid was administered 
by vein, each 1,000 c.e. of fluid containing 50 c.e. of 5 per cent sodium 
citrate solution. 

Ill Yiti 0 E'xpci'iinents. — It soon became obvious from our in vitro 
studies that the isoagglutinins present in plasma, serum, or ascitic fluid 
could be inactivated by appropriate mixture with a fluid containing op- 
posing isoagglutinins. This is apparent from Table I, in which is illus- 

Table I 


Influence of Tempeiiatuee Factor in Inactivation of Isoagglutinins 


PLASIIA MIXTURE* 

GROUP A 
ERYTHROCYTES 
SUSPENDED IN 
0.85 PER CENT 
KaCI SOLU- 
TION f 

GROUP B 

ERYTHROCYTES 
SUSPENDED IN 
0.85 PER CENT 
NaCl SOLUTION 

1. Control at 37“ C. for GO min. 

Ascitic fluid (0) (1) 

+ 

+ 

Ascitic fluid (0) (2) 



Group A plasma (1 c.c.) plus O.So per cent 

j 

■f 

NaCl solution (1 c.c.) 

Group B plasma (1 c.c.) plus 0.85 per cent 

-f 


NaCI solution (1 c.c.) 

2. Incubation at 37° C. for 60 min. 

Group A plasma (1 c.c.) plus B plasma (1 



c.c.) 

Group A plasma (1 c.c.) plus Group 0 ascitic 


+ 

fluid (1 c.c.) 

Group B plasma (1 c.c.) plus Group 0 ascitic 

+ 

_ 

fluid (1 c.c.) 

3. Incubation at 26“ 0. for GO min. 

Group A plasma (I'o.c.) plus B plasma (1 

+ 

+ 

c.c.) 

Group A plasma (1 c.c.) plus Group O ascitic 

+ 

+ 

fluid (1 c.c.) 

Group B plasma (1 c.c.) plus Group O ascitic 

+ 

+ 

fluid (1 c.c.) 

4. Incubation at 5“ 0. for 72 hr. 

Group A plasma (1 c.c.) plus B plasma (2 


+ 

c.c.) 1 




•The plasma-ascitic fluid mixtures were incubated for 60 minutes at the various 
temperatures indicated before being: added to the suspensions ot red blood cells for 

reincubation. 


t +, Agglutination after incubation at 37” C. for *15 minutes of red cell suspensions 
and plasma or ascitic fluid mixtures ; no agglutination under similar circumstances. 

trated the fact tliat a mixture of Group A and Group B pla.sma in erpial 
proportions will inactivate the isoagglutinins in both plasmas so that 
neither will agglutinate suspensions of Group A or Group B red blood 
cells This is the simplest illustration of the mutual suppression of i.so- 
oolutinins. The situation is more complex when one is dealing with a 
fl^^d of Group 0 type which contains both a and b isoagglutinims. JIow- 
it is possible to remove tlie activity of iioth a and b i.soagglutinins, as 
the following protocol will illustrate; 
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Protocol 2. — 

1. 0.5 e.o. plasma (Group A) and 0.5 c.c. ascitic fluid (Group O) nere incubated 
at 37° C. for 1 hour. 

2. 0.5 c.c. plasma (Group B) and 0.5 c.c. ascitic fluid (Group 0) uere incubated 
at 37° C. for 1 hour. 

3. Mixtures 1 and 2 were mixed and incubated at 37° C. for 1 hour. 

4. The resultant mixture agglutinated neither Group A nor B red blood suspen- 
sions. 

In Other words, a fluid which agglutinates both Group A and Group 
B cells (Group 0 ascitic fluid) was converted into one which 
nated neither Group A nor B cells; that is, into a universal donor fluid. 

Influence of Temperature Upon Isoagplutmin Inactivation. — The op- 
timal temperature for the inactivation of isoagglutinins in various 
plasma and/or a.seitic fluid mixtures is 37° C. Lowei’ing the tempera- 
ture results in a prolongation of the process of inactivation (Table I). 
At temperatures of 26° C. or below, isoagglutiuin inactivation may not 
occur or may be so delayed tliat agglutination occurs. This suggests that 
the mechanism of inactivation is dependent upon some chemical rather 
than physical change in the mixtures. The process of inactivation of 
isoagglutinins under optimal conditions can he completed within, ten 
minutes; whereas, that of agglutination is usually not completed in less 
than thirty to sLxty minutes. It is significant that the maximal degree of 
isoagglutiuin inactivation occurs at temperatures which approximate 
that of the human body. 

Influence of Vohime Upon Isoadglutinin Inactivation. — In mixtures 
of plasma and/or ascitic fluid containing different isoagglutinins, the 
degree of inactivation of such isoagglutinins will depend not only upon 
temperature hut also upon the relative amouuts of fluid used. The iso- 
agglutinin titers of plasma and of ascitic fluid obtained from different 
.sources show marked variation.s. Thus, in these studies it has been 
found that, wlien suppj-ession of the i.soagghitijiins of any given amount 
of plasma or ascitic fluid is de.sired, the results will be most certain if 
an equal amount of fluid containing the opposing isoagglutmins is added. 
However, this ratio of l.-l may be altered to 1:1.5 or even to 1:2.3 
(Table II). It is apparent that the relative amounts of fluid which are 
to be used will be dependent upon the isoaggiutinin titer of each fluid. 
When tliese titers are unknown, it will be found that the safe volume 
ratio i.s 1 :1. 

.Vow the qne-stion ralsc.s itself as to the influence of the hiood ceils in 
the inactivation or .SHi)pre.s.sion of the isoagglutinins of pla.sma or a.seitic 
fluid which i.s added to blood of an opposite group. In Table II is il- 
lu.strated the relative capacity of pla.sma and of whole blood to inac- 
tivate the isoagglutinins of Group O ii-seitie fluid. A vohime ratio of 1:1 
of plasma and ascitic fluid will not produce inactivation of the isoag- 
glutiuius in the ascitic fluid against either Group A or Group B cells. 
However, a similar volume ratio between plasma (Group .V) wliieh eoii- 
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tains an equal volume of red blood cells (Group A) and aseitie fluid 
(Group 0) results in a suppression of the isoagglutinins of tbe ascitic 
fluid so that no agglutination takes place (Table II). It is evident, 
therefore, that the red blood cells take an active part in suppressing 
antagonistic isoagglutinins which are added to them. It vrould be of in- 
terest to deteianine the relative ability of the red blood cells and of the 
plasma of whole blood to inactivate antagonistic isoagglutinins. No con- 
clusive data have been obtained regarding this aspect of the problem, 
although preliminary studies would seem to indicate that plasma and 
serum are the more effective portions of whole blood in this respect. 

Safe af Isoagglutinin Inactivation . — The process of agglutination, in 
general, takes place in two stages: (1) the union of the antigen with 
the antibody, and (2) the agglutination or clumping of the cells. In 
vitro the agglutination reaction takes 30 to 120 minutes to be completed. 
In view of this fact, it was of interest to determine the length of time re- 
quired for the completion of the process of isoagglutinin inactivation. 
Under optimal conditions of temperature (37'’ C.) and of volume (1:1 
ratio), the inactivation of isoagglutiuins in aseitie fluid (Group 0) by 
plasma (Group B), using Group B cell suspensions as the testing mate- 
rial, is complete in 10 minutes but not in 5 minutes. The end point ap- 
parently lies between these two inteiwals of time (Table III). It is evi- 
dent, therefore, that the process of isoagglutinin suppression is more 
rapidly completed than that of agglutination. 


T.iBLE m 

I.VFCVE.vcE OF Time P.vctok Upo.v I.vactiv.wo.v op Iso-wolutixis-s 


iriXTURE 

PEF.IOO OF ISCCB.VTIOS .W 

37° c. 

(ill-V.) 

effect ox group b cells* 

Flaama B (0.2 e.c.) plus 

0 

. >v. 

ascitic fluid 0 (0.2 c.c.) 

5 

-f 


10 



15 



20 



25 

_ 


30 



35 



10 

.... 


45 



50 



55 



CO 

_ 

*+• %\4Jfilutinatlon ; abijcnco of ut^iflucinatlon. 


Transfusions of Incompatible Ascitic Fluid in Animals.~^Y]nle in 
vitro studies revealed the importance of such factors as temperature and 
volume in the phenomenon of isoagglutinin inactivation, it was necessarv 
to determme their signitieance in vivo. Group 0 ascitic fluid was used 
throughout. Aitor being heated .slowly to body temperature, the fluid 
wiis allowed to flow into the right femoral vein of each animal at a rate 
ot 10 c.e. per minute. Previous cross agglutination tests were perfonned 
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and only those animals whose bloods were incompatible Avitli the ascitic 
fluid in vitro were selected. The animals (clogs) were subjeeted to 
graded hemorrlmge before transfusion. The results of this group of 
experiments are presented in Table IV and from these results two con- 
clusions can be drawn: (1) the transfusion of a heterologous fluid con- 
taining incompatible isoagglutmins is tolerated by dogs, and (2) snf- 
flcient amounts of such a fluid to produce recovery from severe henior- 
I'hage ina}'' be administered without producing evidenee.s of agglutina- 
tion of the red blood cells in circulation. Examination of the urines of 
these animals revealed an absence of hematuria and hemoglobinuria. It 
should be emj)hasi 2 ed that the amounts of ascitic fluid administered to 
these animals were relatively large and would be equivalent to trans- 
fusions of 3,000 to 5,000 c.e. of ascitic fluid in man. Since the usual 
quairtity of fluid transfused in man is only 500 to 1,000 c.e., it is obvious 
that the margin of safety is wide. No attempt was made to estimate the 
largest amount of fluid which could be tolerated. 

Transfusions of Incompatihle Ascitic Fluid in Man. — In order to com- 
plete this investigation, it was neceasarj- to stuclj'- the effect of the trans- 
fusion of incompatible ascitic fluid into human beings. The blood of the 
prospective human recipient was cross-matched with the ascitic fluid 
which was to be used for transfusion. The presence of definite aggluti- 
nation of the red blood cells after incubation for forty-five minutes at 
37° C. with the fluid was considered to be evidence of incompatibility. 
Using this critei-ion, six patients who were suffering from vanbus minor 
forms of ehi’onic infection were selected. The ascitic fluid after filtra- 
tion -was slowly heated to body temperature aud administered by the 
intravenous route to each patient at a rate of 5 c.c. per minute. The 
amounts transfixsed varied from 200 to 415 e.c. A brief rigor occurred 
in two patients, while the otJier four patients slio\ved no reaction (Table 
V). Upon blood esamhiation, no evidences of agglutination u'ere found 
in any of the subjects. Urinalysis revealed no albuminuria, hematuria, 
or liejnoglobiniu’ia. The ratio of the volume of ascitic fluid administei'ed 
to the blood voinme calculated from the body weight varied in four of 
the patients from 1:10.4 to 1 :1S.2 (Table V). In other words, the 
ainount of fluid administered varied from 5 to 10 per cent of the calcu- 
lated total blood volume. This is well within the limits of safety, inas- 
much as in vitro studies have iiidjcated that whole blood is capable of 
inactivating twice its own volume of ascitic fluid (Table If). The ab- 
of a"^dutination in the blood of these patients after receiving in- 
compatible ascitic fluid m qiiautjtie.s up to 41o c.c. suggests that the 
phenomenon of isoagglutiniu inactivation occurs hi vivo as irell as in 


vitro. 


COM. WENT 


onld seem pertinent at tin’s point to dfseims further the hiflucnec 
f temperature upon the inhibition of isoagghitiniiw. From the data ai- 
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and only those animals whose bloods were incompatible mtli the ascitic 
"uid in xitio weie selected. The animals (dogs) wei’e subjected to 
graded hemorrhage before transfusion. The results of this group of 
experiments are presented in Table IV and from these results two eoii- 
clusions can be drawn: (1) the transfusion of a heterologous fluid con- 
taining incompatible isoagglutinins is tolerated by dogs, and (2) suf- 
ficient amounts of such a Aiiid to produce recovery from severe henior- 
iliage majf be administered without producing’ evidences of agglutina- 
tion of tile I’ed blood cells in circulation. Exaniiuation of the urines of 
these animals revealed an absence of hematuria and hemoglobinuria. It 
should be empiiasized that the amounts of ascitic fluid administered to 
these animals were relatively lai'ge and would be equivalent to trans- 
fusions of 3,000 to 5,000 c.c, of ascitic fluid in man. Since the usual 
quantity of fluid transfused in man is onl}^ 500 to 1,000 e.e., it is obvious 
that the margin of safety is wide. No attempt was made to e.stimate the 
largest amount of fluid which could be tolerated. 

Transfusions of Incompatible Ascitic Flttid in Man. — In Dialer to com- 
plete this investigation, it was necessary to study the effect of the trans- 
fusion of incompatible ascitic fluid into human beiugs. The blood of the 
prospective human recipient was cross-matched with the ascitic fluid 
which was to be used for transfusion. The presence of definite aggluti- 
nation of the red blood cells after incubation for forty-five minutes at 
37° C. with the fluid was considei’ed to be evidence of incompatibility. 
Using this criterion, six patients who were suffering from various minor 
forms of chronic infection were selected. The ascitic fluid after filtra- 
tion was slowly heated to body temperature and administered by the 
intravenous route to each patient at a rate of 5 o.o. per minute. The 
amounts transfused varied from 200 to 415 c.c. A brief rigor occurred 
in two patients, 'while the other four patients showed no reaction (Table 
V). Upon blood examiiiation, no evidences of agglutination were found 
in any of the subjects. Ui'inalysis i-evealed no albuminuria, hematuria, 
or hemoglobinuria. The ratio of the volume of ascitic fluid administered 
to the blood volume calculated fi-om the body weight varied in four of 
the patients from 1:10.4 to 1:18.2 (Table V). In other ivords, the 
amount of fluid administered varied from 5 to 10 per cent of the calcu- 
lated total blood volume. Tliis is well witliin tlie limits of safety, iua.s- 
much as in vitro studies have indicated that whole Wood is cajinble of 
inactivating twice its own volume of ascitic fluid (Table II), Tim aii- 
senee of agglutination in tiie blood of these patients after receiving in- 
patibW ascitic fluid in quantities up to 425 c.e. suggests that the 
phenomenon of isoagglutinin inactivation occur.s in vivo as well as in 


vitro. 


roai-Ufi-Vf 


’ nld seem pertinent at this point to discuss further the influence 
f temperature upon the inhibition of isoagglutinims. From the data at- 
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tlie greatest degree of mactivatioii of tlie isoagglutinins will occur if 
equal volumes of each fluid are used. It has been stated that the pooling 
of sera of differing groups will result in a serum which posses-ses an 
isoagglutiuin titer lower than that of any of the individual sera present 
(Levinson and Cronheini^). Even better results, however, will be 
obtained if the pooling of the fluids is carried out with the volume factor 
in mind. By using equal amotmts of antagonistic sera, it is possible to 
produce an isoagglutinin-inaetivated fluid. This statement applies not 
only to simple Group A or B fluids, but also, as has been shown already, 
to Group 0 fluids which contain both a and b isoagglutinins. Of course, 
parallel results will be obtained if one uses plasma or ascitic fluid instead 
of serum, or mixtures of one with the other. 

In discussing isoagglutinin inactivation in vivo, it should be remem- 
bered that most body tissues and fluids possess the power of absorbing 
group-specific isoagglutiuius (Landsteiner and Levine,'' Eritscbewsky 
and Sehwavziuau,-® Witebsky and Okabe''). Howevei*, since the con- 
centration of group-speeifie substances varies in different tissues and 
body fluids (Sehiff'^), the ability of the latter to inactivate antagonistic 
isoagglutiuius will likewise vary. The available sources for isoagglutinin 
inactivation are : 

1. Plasma I o j 

3. Cells I 

3. Interstitial fluids 

4. Tissue cells 

Since the process of agglutination may be completed in as snort a 
time as thirty minutes and since a ti-ansfused fluid, such as plasma, 
serum, or ascitic fluid, will usually reniaiu in the blood stream for 
periods longer than thirty minutes, it becomes apparent that, when the 
blood vessels are not abnormally permeable, the inaetivatiou of incom- 
patible isoagglutinins in the transfused fluid must take place to a 
major extent in the blood stream. Inasmuch as only a small amount of 
the transfused fluid passes into the extravascular spaces within thirty 
minutes, the tissue cells and interstitial fluids will play a minor role in 
the inactivation phenomenon. It has been shown (Table II) that both 
the cellular and fluid components of blood are capable of inactivating 
antagonistic isoagglutinins. A peculiar problem Is presented by the fact 
that ill those conditions in which plasma, serum, or ascitic fluid trans- 
fusions are indicated, namely, hemorrhage (loss of whole blood}, trauma, 
burns (loss of plasma), and bypoproteinemia (loss of proteins), tliere 
occurs a reduction of those group-speeifie substances which are con- 
cerned with the process of inaetivatiou of the isoagglutiuius occurring 
in incompatible transfusion fluids. In hemorrhage the blood which 
leinains in eireulation is diluted by a fluid of low protein confeiit which 
pa.s.ses into it from the e-xtravascutar tis-sue spaces. In tin's way the 
isoagglntiniii titer of the blood will be lowei-ed. reducing its eapaeitr 
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Table V 


Influence of TiuiNSrusiONs op Incojtpatible Ascitic Fluid Into Human 

Recipients 


PATIENT 

BLOOD 

GROUP 

ASCITIC 

FLUID 

GROUP 

CROSS- 

MATCHING 

TEST 

CALCULATED 

BLOOD 

VOLUME 

(C.C.) 

AMOUNT OF 
FLUID 

ADMINISTERED 

(C.C.) 

VOLUME 

RATIO 

BLOOD- 

ASCITIC 

FLUID 

RESULT 


A 

B 

Aggluti- 

4,648 

300 

15.4:1 

Ho reaction 




nation 





W. B. 


B 

Aggluti- 

3,652 

200 

18.2:1 

No reaction 









J. P. 

A 

B 

Aggluti- 

4,482 

415 






nation 


' 




B 

0 

Aggluti- 

2,622 

250 











S. L. 

B 

0 

Aggluti- 


275 


Jlild ligor 




nation 





T.U. 

A 

0 

Aggluti- 


325 


Mild rigor 




nation 






readj'’ presented, there appears to be no doubt tliat siicli inactivation is 
greater at a temperature of 37° C. tlian at lower temperatures. Two 
possible explanations present themselves: (1) the isoagglutiniu titers 
of biological fluids decrease as the temperature rises (ICettel*’^) and tluis 
a fluid of naturally low isoagglutinin titer may fail to agglutinate sensi- 
tized red blood cells at higher temperatures; (2) the phenomenon of 
inactivation of isoagglutinins takes place more rapidly and more com- 
pletely at higher temperatures. That the first explanation is inadequate 
is seen by the data presented in Table I. It will be noted that plasma, 
when diluted with an equal volume of isotonic sodium chloride solution 
in the control experiments, agglutinated group-opposite red blood cells 
at a temperature of 37° C. The same plasma, when mixed with group- 
opposite plasma under similar eonclitions of temperature and volume, 
showed definite inactivation of its i.soagglntinins and failed to aggluti- 
nate group-opposite red blood cells. Since temperature plays such an 
impoidant part in isoagglutinin inactivation, it is .suggested that incom- 
patible plasma, serum, or ascitic fluid be heated to body temperature 
before transfusion. The transfusion of cold incompatible biological 
fluids is, according to our experimental data, more apt to result in in- 
complete isoagglutinin suppression, with a resultant agglutination in 
vivo Likewise, a rise in temperature of the blood of the recipienf, as in 
fever might be expected to accelerate the phenomenon of inactivation 
and thereby, prevent agglutination in vivo after the transfusion of in- 
compatible fluids. 

It has been pointed out previously that the relative amounts of antag- 

■ fluids used influence the degree of isoagglutinin inactivation. 
wfiL it is dangerous to generalize, one may be permitted to stJite that, 
d ' ^the isoagglutinin titers of any two biological fluids are unknown, 
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to inactivate antagonistic isoagglutinins. In conditions in wliicii the loss 
of plasma predominates, the high concentration of red blood cells will 
aid in isoagglntinin inactivation. Moreover, in such conditions there is 
present a localized area of increased vascular permeability at the site of 
trauma, through vdiieh a part of the transfused fluid with incompatible 
isoagglutinins w'ill pass and there become inactivated. Frequently, how- 
ever, a general increase in the permeability of the capillaries occurs and 
this will act as an additional safeguard by permitting the passage of 
part of the transfusion fluid into the interstitial tissue spaces, where 
further isoagglntinin suppression will take place. When tlie usual quan- 
tities of 500 to 1,000 c.e. of fluid are administered, these factors need not 
be considered, since there will remain in the blood stream sufifieient group- 
specific substances to inactivate the incompatible isoagglutinins. However, 
when larger amounts of incompatible plasma, serum, or ascitic fluid are to 
be transfused, such factors merit consideration. Under these circumstances 
one maj'' adopt one of three measures: (1) complete inactivation of the 
isoagglutinins in the plasma, serum, or ascitic fluid bj' mixture with an 
equal amount of a fluid of an opposite group; (2) partial inactivation of 
the isoagglutiuins in the fluid by unequal pooling with fluids of an op- 
posite and/or similar group ; or (3) diminution of the titer of isoagglu- 
tinins. by dilution of the fluid with isotonic sodium chloride solution. 
Finally, it should be noted that the proce-ss of isoagglntinin inactivation 
is completed rapidly in comparison with that of agglutination, and this 
provides a further safeguard in transfusions of incompatible plasma, 
serum, or ascitic fluid. 


SUJCUARY .VXD CONCLUSIONS 


An investigation of the factors invoh'ed in the iuactiv'ation of isoagglu- 
tinins has been carried out by means of studies in vitro and in vivo. 
The importance of such factors as temperature and volume is em- 
phasized. The tran.sfusion of incompatible ascitic fluid into human be- 
ings is reported. The significance of these studies in relation to the 
general problem of transfusion of group-incompatible fluids into human 
beings is discussed. 
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The investigation was earned out on fifty dog^, several proeedm-es 
freciuently being performed at various intervals on the ^ • 

The operations included gastroenterostomy, jejunoplasty astne lese - 
tion and enteroanastomosis, etc. The animals were sacrificed at difte - 
ent periods following surgery and the anastomoses mspeeted grossly for 
the nresence of infection, leak, free sutures, rigidit} , and thickness of 
the anastomotic stoma. In each instance a careful record of the number, 
type and anatomical position of all sutures, both absorbable and non- 
Ibsorbable. was charted. On occasion the tracing of 
facilitated by the use of a variety m color of the nonabsoibable sutu 
material After the animals were sacrificed, tlie circulation was washed 
Tt wfth saline solution and the vessels injected with colored gelatin 
mass The majority of the specimens were rendered transparent by a 
modified Spalteholz technique. These transparent preparations enabled 
ns to folloAv with considerable accuracy the fate, migration, and final 


T.VBLE I 


STOMAL 

TUICKXESS 

IC.OOll sri'PLY 
TO STOJtA 

KX POSED 
SILK 

IMtnSEM’E OV’ 
VLCERS IX 
LUMEX 

1. Continuous bilk inner and 
outer layers 

+ + + 

Deeieabcd 

Always 

F.equent 

2. Contmuou-s silk outer and 
continuous cntg;ut inner 
Inver 

+ + 

Adequate 

Occasional 

Infrequent 

Interrupted silk outeq and 
continuous catgut inner 
layei 


E-veehent 

Harely 

Eone 

t. Interrupted silk both 
layers 

+ + 

Adequate 

Ercqueiit 

Rare 

Interrupted eatgut both 
layers 

+ + 

Excellent 


Rare 

(>. rontinuous catgut both 
layers 

+ + 

Adequate 


Xono 


position of the nonabsorbable suture material. By this clearing proee.ss 
the arteries and capillaries were traced with facility and an e.stimate of 
tlie adequacy of the oireulatioii to the stomal area was readily made. 
Any silk suture whieli had become exposed in the lumen of the gut and 
subjected to dige.stive action rapidly lost color and in this way could l e 
distinguished from those sutures buried in the tissues. In addition, 
material was removed from the stomal ring for histologic section and 
study. 

FINDINGS 


1. Continuous Silk in Both Inner and Outer Layers . — The tluckenimr 
of the stomal ring was maximal and the orifice was rigid and unyielding. 
The cleared preparations revealed a diminution in blood supply in the 
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y\ S a continiiatiou of pTevious experimental investigations into the 
** 23i’6ssing- 2 JToblems of stomal obstruction and marginal ulcer in 
gastrointestinal anastomosis, we have been led to a study of those factors 
producing undue thickness, rigidity, and fibrosis of the anastomotic ring. 
Observations on our series of experimental animals early impressed us 
with the great variations of a structural and functional character found 
at the anastomosis. It became increasingly a2i23arent, all other factors 
of surgical technic 2 ue and procedure being equal, tJiat the variable re- 
sponsible for such differences was undoubtedly the type of suture ma- 
terial employed and the position occupied by this material. In tliose 
animals where both serosal and mucosal layers of a gastroenterostomy 
were done with continuous silk, a segment of this silk was invariably 
found extruded into the lumen of the gut. Under these conditions the 
stomal ring was always two to three times thicker than in those animals 
where silk was not used, or, if used, had not become exposed to the 
lumen. We concluded that this thickening was the result of the swelling, 
edema, and attendant fibrosis which followed infection. 

Purther, it was noted that as long as the silk remained 2 mrtlj' within 
the tissue and partl 3 ^ exposed, the thickness persisted regardless of the 
number of daj^s which had elapsed since operation. It ivas evident that 
in these eases the stoma was frequentli’ so thick that the opening had 
little possibilit}" of changing cither in shape or size with peristalsis. It 
was decided, therefore, to investigate the reaction of silk and other 
suture material when emplo.ved in the following combinations in gastro- 
intestinal surgery: (1) continuous silk in both the inner and outer 
layers (2) continuous silk in the outer layer and continuous catgut in 
the inner layer, (3) interrupted silk in the outer la.ver and continuoii.s 
cat'nit in the inner layer, (4) interrupted silk in hotJi layers, (a) inter- 
rup°ted catgut in both layers, and (6) continuous catgut hi hath layers. 
Material a lid Methods . — Hucli of the e.xperiniental data iiei'c pre.senfed 
acciumilated as a bv-product of the study of the circulation of the 
rtomach and jejunum following gastroentei-ostom.v, jejnnoida.sty, or 
.subtotal Jastrie resection on the .log.- 
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Histologically the sections through the stoma showed a marked in- 
«oS reaction with a purulent exudate bathing the silk su ure and 
in later ^ages an excessive fibroblastic reaction of poor qualitj and 
accompanying chronic inflammation. These changes were found co 
stantly about the submucosal and not infrequently about the subserosal 
suturn The factors leading to infection of the subserosal suture aie 

^^T^clnttuions Silk Outer layer and ConiinHous Catgut Inner 
iayer.-When continuous silk was used in the outer layer and continu- 
ous fine chromicized catgut in the inner layer, the thickness of stoma 
was not excessive, provided the silk of the serosal layers did not become 
exposed within the lumen of the gut. However, if the continuous serosal 
suture became exposed in the lumen, as was not infrequently the case, 



S'li- 1 —SubroUKOsal catgut ten da>s postoperativcly. Note beginning fragmentation 
I ig. a. BUD early invasion of cellular elements into the suture. 


swelling, edema, and fibrosis occurred to almost the same degree as when 
both iiite.stimil layei-s were closed with continuous silk. In a small series 
of experiments with this combination, the mucosal catgut suture was 
iu.sertod deepl.v .so as deliberatel 3 ' to pick up here and there the serosal 
silk suture. When this wa.s done, the silk of the serosal stitch became 
invariably exposed within the lumen having been infected bj' the 
proximitj' of the mucosal .stitch. A stoma of excessive thickness similar 
to that found in Group 1 above was produced. In like manner mucosal 
migration and infection of the serosal silk stitch took place when the 
suture was deliberatel.v or aecideutall.v inserted too deepl.v. 

;l. Infcrnipltd Silk Outer Layer, Continuous Catgut Inner Layer . — 
There was .seidom anj' iuereased stomal thickne.ss, even tliough one or 
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region of the stoma. Histologic studj'- showed that the thickening of 
the stoma and its diminished vascularity were due to the diffuse fibrous 
tissue I’eactiou set up in all the intestinal layers along the infected path- 
way of the migrating silk sutures and that this reaction extended 
laterally for some distance from the line of auastojuosis. Some silk was 
invariably found exposed, hanging festooned wdthin the lumen, and 
small ulcers in the mucosa along the suture line were frequent.- 



JPti?. 1. — Suppuration surrounding' interrupted sHIc suture ivhich Jias nderatcd from the 

subserosal positioJi. 
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4. Interrupted Sdk Sutures in Both Inner and Outer Layers . — ^Wlieu 
the above combination was used, a satisfactoi-y stomal ring of not undue 
thickness was encountered. It, however, was on the whole thicker than 
the combination used in Group 3. This, we feel, was due to tlie 
variation in the length of time it took the individual interrupted silk 
mucosal sutures to be east off into the lumen. While they remained in 
place, they undoubtedly acted as a source of localized infection and in- 



Fis 5. — Si\teen-cla} -old Cdtsut sutuie about to be cast off into the stomal lumen 
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more of tlie individual silk sutures became exposed in tlie gut lumeu. 
Ibe blood supph^ to tlie stoma, as shown by the injected specimens, was 
invariably good. In all of nineteen such specimens little or no gross 
reaction at the suture line was found. Histologically any inflaminatoi’y 
reaction wms confined to the subinucosa, except wliere an individual silk 
suture had become exposed in the lumen. There was little or no 
fibrous tissue reaction except for that which occurred in tlie immediate 
proximity of the individuallj’^ exposed silk sutui-e. It was apparent that 
the inflammatorj' reaction ivhich may folloiv the line of the small in- 
terrupted silk suture ivas confined to the course of the suture itself and 
did not extend beyond it. In addition such a suture when exposed was 
cast off veiy rapidly into the gut lumen. The time recpiired for this 
extrusion varied from seven to sixt3’' da.vs but in the majorit.v of cases 
was complete in fourteen days. It was clear that the inflammatoiy 








TPip. j — Silk suture showing knot, placed deep tnto mu&culark'?. Note excellent fibro- 
blastic response and observe intlanunatory ole/nents. 

process was markedl.v limited not ojifr because of Hie .small area in- 
volved but also b.v the short period of the infiaimnafion terminated b3' 
the extrusion of the suture. The good results obtained with tliis eonibi- 
nation empha.size two factors; (1) the time needed for ea.stiiig off of the 
interrupted hidividual infected silk .suture Is short and (2) the limited 
of iutiammatorv reaction is confined to the course of the individual 
uture Tliis is in contrast to the continuous silk .suture wiiieh, when 
silksu ni . attended bv an I'lifiamtiiiUory proee-^.s over the 

exposet 1 «-hich eontiinie.s indefiniteh- until tlie uhole sninre 

entire stomal conrsi, lune 

has sloughed or rotted out. 
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Aithougk it has not been oiu- purpose to discuss the merits of silk ver- 
sus catgut, our findings confirm those of numerous other observers ; name- 
ly, that plain catgut excites a severe initial reaction and delays healing 
somewhat/’ ® Silk under like conditions and in like tissues produces a 
minimum reaction and healing is more rapid. Chromieized catgut in the 
smaller sizes lies midway between silk and plain catgut in degree of 
tissue reaction. 

The experimental evidence points, therefore, to the unquestioned 
superiority of interrupted silk as the ideal suture material for the 
serosal layer in gastrointestinal surgeiy. 

Our histologic preparations demonstrate clearly that there is a 
definite dift'erence in fibroblastic i-eaetion about both absorbable and 
nonabsorbable sutures, depending upon their location. Sutures Ijong 
in the serosa, subserosa, and museidaris are surrounded bj^ a better 
qualitj’- of fibroblastic reaction. On the other hand, the reaction about 
sutui’es lying in the submueosa is invariably of poorer qualitj”, charac- 
terized by immaturitj” of the fibroblastic elements and lack of density 
in the collagenous fibers. This suggests, apart from possible differences 
in tissue response in the various layers of the gut, a greater potentiality 
for infection due to the proximity of the infected lumen of the bowel. 

It follows that the ideal suture for use in the submucosal and mucosal 
positions is continuous catgut, because all sutures in this position are 
necessarily more or less infected and catgut in the presence of infection 
undergoes early dissolution with a minimum of surroundmg inflamma- 
tion and fibrosis. The liemostatie qualities and the rapidity of insertion 
of a continuous suture are obvious additional advantages. 

Finally, as a result of these experimental findings, the use of continu- 
ous silk and other continuous nonabsorbable suture materials has been 
discontinued in intestinal anastomosis at the University of California 
Hospital and the use of interrupted silk sutures suhstituted. In this 
connection, as long ago as 1902, Coffey'’ wrote: “I would eliminate the 
continuous Connell suture because it is more difficult to place at the 
end than an interrupted suture and remains hanging partially loose 
across the intestine for mouths after the operation, thus making at least 
a remote danger of obstruction. I would class the interrupted Connell 
suture as the ideal suture, the acme of surgical perfection, and as far as 
wc may hope to go in intestinal anastomosis.” 

Interrupted silk on the iieritoneal surface, placed to avoid as far as 
po.ssible contact with the .subimico.sal layer, together with eontimious cat- 
gut on tlie mucosal aspect, is, in our opinion, the combination of choice 
for operations involving the ana.stomosis of the stomach to the small 
bowel and for entcroanastomosis. In the anastomoses of the Iav<-e in- 
testine. especially of the aseptic end-to-end type, two or more layers of 
interrupU’d silk can be used with le.ss trauma and will give a firmer and 
safer union. iSoine of these sutures may eventually find their way into 
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flauunatioH, thus contributing to the ultimate thickness of the stomal 
area. We noted, howevei’, that it was the rule for these interrupted 
silk mucosal sutures to be east off eai’ly, few of them remaining when the 
dogs Aveie sacrificed at two to three weeks. WitJi tliis method thez’e was 
a moderate decrease iii stomal circulation. There were only rarely any 
ulcers present along the suture line. 

5. Interrupted Catgut in Both Layers and 6. Continuous Catgut in 
Both Layers. — When catgut sutures were used in both layers, whether 
continuous or interrupted, the healing was usually satisfactory and tlie 
stoma little or no thicker than in the other most favorable combination 
used in Group 3. There was no impairment of stomal circulation and 
stomal ulcers wei’e not noted. We were definitely under the impression 
on gross examination of these anastomoses that it took longer for union 
to become firm and solid. This was confirmed bj^ histologic examination, 
in which it was apparent tliat the qualitj^ of fibrous tissue reaction was 
inferior to that seen about an interrupted, uninfected silk suture. 


DISCUSSION AND CONCLUSIONS 


Our studies confirm the findings of Keiehert and Holman (1925),'' 
who showed that a suture has a tendency to migrate in the direction 
of its knot. However, this is only true provided the suture is uuiu- 
feeted, in which ease it usuallj’- comes to occupy a position beneath tlie 
serosa. If infection supervenes, the suture will invariablj’’ migrate 
toward the lumen of the gut and ei'eiitually be cast off, regardless of the 
position of the knot. 

These findings emphasize the necessity of using an interrupted .suture 
so that, should it become infected, the individual suture alone will be 
cast off and tissue reaction minimized. Since every serosal suture which 


penetrates to the mucosa or even the submucosa is infected or potentially 
infected, great care should be taken in its placement so ns not to carry 
it too deeply in the direction of the lumen. Should one bite of a coii- 
tinuons nonabsorbable suture become infected, the uhole length ol 


the suture becomes gradually involved and. as the infected sntiire works 
its wav tosvard the lumen, the tissue reaction produced is maximal. 
Since the inflammatoiy infilti-ation accompanying the use of the eom- 
biimtious used in Groups 1 and 2 extended thi-oughout the fidl thick- 
ness of the intestinal Wiill for .some distance on cither side of flu* 
•uiastomosis, it is possible that such an c-xtensive infiltration may he a 
factor in the production of stomal and jejunal nleeriition although c.v- 
erimental proof of this suggestion is wanting. In this regard the eon- 
■ c’it"Ut, because of its absorbability even when infected, is less 
tinuous o ^ continuous nonabsorbable suture. A coutiiiuous 

objec ion „I„ ,h1.> or nonabsorbable, houeier, for reasons sfatisl 


^ • u' ble than a continuous nonabsorbable suture. A coutiiiuoi 

strotal rture, absorbable or nonabsorbable, houmer. for reasons stat. 
‘ interrupted suture m flie sero'^al layers. 


above, does not riv 



ABDOMINAL PAIN IN CYCLIC VOMITING 

Its Differentiation Pkoji Acute Aepenpicitis and a Becojdiend.vtion 

FOR Its Treatment 

S.vJiUEU Karewsz, M.D., .iVNd Sidney Buujienthal, M.D., 

New York, N. Y. 

(^I’ovi the Departments of Pediatrics and Snrgerp of the yiount Sintii Hospital of 

New York) 

C yclic vomiting is a syndrome oceiUTiug in children. It is char- 
acterized by recurring attacks oi vomiting, during u'hich times 
there is an absolute intolerance for even fluid food, and is regularly 
accompanied by a marked ketonuria. 

Cyclic vomiting generallj’" occurs in children with some inherent 
tendency to a metabolic instability which is ordinarily not obvioits but 
which may become activated by any one of man}' functional or organic 
disturbances. Overeating, excessive indulgence in fatty food, fatigue, 
excitement, an infection, upper respiratory, appendical or any other, 
may disturb the child so that vomiting starts. After vomiting for a 
variable period of time, the child may develop abdominal pain similar 
to that of diabetics witli acidosis and often very much like that of an 
acute surgical abdomen.^’ - 

The differential diagnosis in these conditions is difficult and becomes 
even more so because of the occasional simultaneous occurrence of 
recurrent vomiting and acute appendicitis. The differentiation between 
the abdominal symptoms of the diabetic ketosis and those of acute ap- 
pendicitis have been dealt with quite adequately, especially by IMcIvit- 
trick,^ who has summarized liis conclusions as follows; ‘‘One is justified 
in saying that a history of malaise, drowsiness, vomiting, diffuse 
abdominal pain associated witli widespread tendei'iiess and spasm is so 
suggestive of diabetic acidosis, without demonstrable iutra-abdominal 
pathology that operation should not be done unless the abdominal symp- 
toms persist after three or four lioum of adequate insulin treatment. 
Concisely, a history of abdominal pain with or without vomiting when 
associated with localized and definite abdominal tenderness, usually with 
spasm, is suggestive of a surgical lesion within the abdomen in the 
patient with diabetic acidosis, ,iu.st as it is in the nondiabetic and may 
be an indication for immediate operation. In that rare ease where 
definite differentiation is impossible and yet imperative, it may be safer 
to open the abdomen under local anesthesia than to suffer further de- 
lay." 

While cyclic vomiting with abdominal sym])toms presents a situation 
quite s imilar to that of diabetic ketosis, the ha.sie condition.s and their 

nocA'lWtl for publication, Dec. 13, 1540. 
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tlie huueii oi’ the gut and be cast off, but luilike catgut this does not 
occur until iinu union lias taken place. Those remaining and uninfected 
Avill eventually migrate to the subserous la3’'er. 

The C.Yiierimental evidence indicates that, bj^ utilizing the best 
features of both silk and catgut, the surgeon maj^ attain more nearly to 
perfection in gastrointestinal surgeiy. 
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C yclic vomiting is a syndi'ome occurring in children. It is char- 
acterized by recurring attacks of vomiting, during which times 
there is an absolute intolerance for even fluid food, and is I’cgularly 
accompanied by a marked ketonuria. 

Cyclic vomiting generally occurs in children with some inherent 
tendency to a metabolic instability which is ordinarily not obvious but 
whicli may become activated by any one of many functional or organic 
disturbances. Overeating, excessive indulgence in fatty food, fatigue, 
excitement, an infection, upper respiratory, appendical or any other, 
may disturb the child so that vomiting starts. After vomiting for a 
variable period of time, the child may develop abdominal pain similar 
to that of diabetics witli acidosis and often very much like that of an 
acute surgical abdomen.'’ ^ 

The differential diagnosis in these conditions is difficult and becomes 
even more so because of the occasional simultaneous occurrence of 
recurrent vomiting and acute appendicitis. The differentiation between 
the abdominal symptoms of the diabetic ketosis and those of acute ap- 
pendicitis have been dealt with quite adequately, especiallj' by Melvit- 
triok,’ M’ho has summarized his couclusious as follows: “One is justified 
in saying that a liistory of malaise, drowsiness, vomiting, diffuse 
abdominal pain associated with Avidespread tenderness and spasm is so 
suggestive of diabetic acidosis, ivithout demonstrable intra-abdominal 
patliology tliat operation should not be done unless the abdominal symp- 
toms persist after three or four hours of adequate insulin treatment. 
Concisely, a liistory of abdominal pain ivith or without vomiting ulien 
associated with localized and definite abdominal tenderness, usually with 
spasm, is suggestive of a surgical lesion within the abdomen in the 
patient with diabetic acidosis, just as it is in the nondiabetic and may 
be an indication for immediate operation. In that rare case where 
definite differentiation is impossible and yet imperative, it may be safer 
to open the abdomen under local anesthesia than to suffer further de- 
lay.” 

While ejelic vomiting with abdominal symptoms presents a situation 
quite s imilar to that of diabetic ketosis, the basic conditions and their 

m-ci lved for public-itlon, Dec. 13. 1910. 
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fill! luincii ol’ file gut and be cast off, but unlike catgut this does not 
occur until firm union lias taken place. Those remaining and uninfected 
will eventually migrate to the subserous layer. 

The exiieriinenlal evidence indicates that, by utilizing the best 
features of both silk and catgut, the surgeon may attain more nearly to 
perfection in gastrointestinal surgery. 
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Table II 

Dipferextiatiok between Acute Appe-xwcitis and Cyclic VoiiiTixa AVith 

Ketosis 

CYCLIC Y’OiiraXG WITH 
KETOSIS 


Abdominal pain 

Vomiting 

Nausea 

Temperature 

Pulse rate 
Local tenderness 
JIuscle spasm 
Leucoeytosis 

Ketonuria 

Kespirations 


acute appendicitis 


Imtial" symptoms preceded 
by pain 
Not recurrent 

Alay persist 
Elevated 

I Elevated 
Present 
Present 

iloderate, oceasionaily nor 
mal 

I May be present and severe 
Normal 


Blood sugar 


Preceded by vomiting 

Becurs often and at fre- 
quent intervals 
Persists 

Elevated only with infec- 
tion Or dehydration 
Elevated 
Not usually 
Not usually 
Moderate to marked 

Always present 
May be rapid; later become 
deep 

Usually hypoglycemia 


Symptoms disappear 

[Negative 

Negative 


Usually normal or hyper- 
glycemia 

Response to antiketogenic Symptoms of appendicitis 
Sanv become more prominent 

Rectal examination hlay be positive 

Abdominal puncture I Alay be positive 

Oneration for appendectomy was ordered, but the attending pediatrician recom- 
menld that the ketosis be treated before surgical intervenUon was undertaken. 
Within thirty minutes following the intravenous administratiou of 400 c.c. of o 
per cent gluLse in saline solution, improvement was almost phenomenal. The child 
sat up in bed and the abdominal teudcrne.ss di.'-appeared eompletelj. The temperature 
dropped to normal. The child continued to improve rapidly and he was discharged on 

J‘U\ 

‘ 6n"e" month later ho was readmitted to the hospital because be bad been vomiting 
reneatedW for twelve hours. Evidence of an acute upper respiratory infection was 
noted The temperature was 103” and the pulse rate 12(3. Au acetone odor was de- 
tected and acetonuria found. Adrenalin was injected subcutaneously in an attempt 
to cause rapid mobilisation of sugar in Iii.s blood stream. The blood sugar immedi- 
ately following this was iltiO mg. per cent. Clinical improvement was noted follow- 
ing an infusion of .300 e.e. of 10 per cent glucose in s.aline solution. Three hours 
later the patient suddenly went into collapse, had a generalized convulsion, and 
despite intravenous glucose, oxygen inhalations, and stimulants, died. At post- 
mortem, death was found to be due to liemorrlmge into the adrenals. The appendix 

was normal. 


o (Xt). 4141315 .) E. M., .a 3-year-old white boy, began to vomit on the 

evening of Xept. 2(3, li>37. The vomiting continued all through the night. At first 
tills was bile stained and later became eoffee-ground in iippearanee. A diagno.sis of 
an acute surgical abdoiacii was made and hospitalization advised. On admission to 
the hospital the boy was iicutely ill. The respirations were deep and a strong 
acetone odor uas detected. His tempeiature ua.s normal :uid the pulse rate was 120. 
Thu abdomen was scaphoid. Beltuile localized .'pasia was not present, but there 
lias some resistance in the right lower quadrant. The remainder of the physic.al 
examination was negatiie. .\cetonuria (three jdu.s) was present. The white blood 
cell coaat nas lti,S00 with SI per cent polymorphonuclear forms. The blood sugar 
lias T'l mg. per cent; the urea was 42 mg. per cent, and the carbon dioxide com- 
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treatments dilt’er .suffieientlj' to warrant special consideration of the 
problem as it occurs in childi-en with recurrent vomiting. 

A group of eases liave been selected whieli will best illustrate the 
problem and its management. While these eases are similar in many 
icspects, they can l)c subdivided into three distinct groups 
Group I consisls of eases of cyclic %mmiting associated with ketosis 
and abdominal symptoms suggestive of acute appendicitis. These 
l)atients may have a history of prior attacks or this episode may be the 
first of its kind. Group II consists of eases of acute appendicitis ushered 
in by repeated vomiting and occurring in children who are loiown to 
have had prior attacks of cyclic vomiting. Group III consists of those 
cases in which an attack of acute appendicitis is ushered in by repeated 
vomiting and in whom ketonuria is present These patients have had 
no previous attacks of cyclic vomiting 

T IBIF I 

Cl assihcvtio.v of Tvpfs of Cists Reported 
I. CycliG Vomttinq — 

A. Initial att.ick or Instoiy of piior attacks of cyclic vomiting 

B Piesent attack uslieied in by lepeated vomiting 

C. Abdominal svniptoinatology simulating acute appendicitis 

D. Ketonuria 

E Ko appendectomy 

II Acute Appeiuluitii With Itediiient Vomiting 

A Histoiy of piioi attacks of ejclic vomiting 

B Piesent .itt.ick iislieied in b_> repeated vomiting 

C. Abdominal symptomatology of .icute appendicitis 

D. Ketonuria 

E. Acute .ippeudicitis at opeiation 

III Acute Appendicitis With Fust Attach of Fepeated Vomiting — 

A Ko history of piioi attacks of cyclic vomiting 

B Pieseiit attack ushered in by iepe.ited vomiting 

C Abdominal symptomatology of .icute appendicitis 

D. Ketonuria 

E. Acute appendicitis at opeiation 


CASE REPORTS 

1 (No 202790’ ) On Jan 4, 1926, C G, a I ye.irold white boy, beg.nn to 

vomit Vomiting continued hourly througliout the next twenty four hours, after which 
t 1 ! he complained of diffuse abdominal pain. His physician made a diagnosis of 
”"te ceiforated appendicitis and geneialized peritonitis On evamination, the pa 
rit vvas seiiiistuporous His temperature was lOl” and tlie pulse rate was 120 
H o- was deep and a dehnite acetone breath was detected The abdomen was 
Bieatlung tiiroughout Tliere was no evidence of localized muscle sp.isiii 

scaphoid an jj^oOO with 7S per cent polymer 

.and no rigidi y- Acetonuria was marked. 
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cent glucose solution were injected intravenously, followed by complete subsidence of 
all symptoms. The vomiting ceased and the child began to drinh and eat. The 
temperature dropped to normal in twelve hours and there was no further abdominal 
pain. The boy made an uneventful recovery and was discharged as cured on June 1, 
1939. 


Cask 6. — (No. 390918.) K. S., a 15-year-old boy, had been well until Jan. 23, 
1936, when he began to vomit and complain of abdominal pain. This continued 
through the night. The following morning his temperature was normal, but he was 
still complaining of abdominal pain. The abdomen was soft but distended. It was 
■slightly tender generallj-, but there were no localized areas of tenderness or spasm. 
Rectal examination was negative. He had a marked acetone breatii. On a regime of 
frequent small concentrated glucose feedings by mouth Ins condition improved so 
rapidly that he returned to school the following morning. He remained well for the 
next month, attending school regularly until Feb. 23, 1936 (nineteen days before ad- 
mission to the hospital). At this time he again developed recurrent vomiting and 
abdominal pain associated with frequent loose watery stools, tenesmus, and a tem- 
perature of 102°, He was seen about twelve hours after the onset of vomiting and 
again placed on an antiketogenic regime which promptly corrected the vomiting. 
However, his pallor and very sick appearance, the abdominal pain, and tenesmus 
•suggested a peritoneal irritation. The family refused hospitalization. Five per cent 
glucose in saline solution by intravenous infusion was given for several hours with 
striking but only temporary improvement. Tlie temperature remained elevated and 
Ills general progress was slow. Hospitalization was again advised because of the 
suspected peritonitis but refused by the parents until JTarch 13, 1936, at wliicli 
time aa abdominal mass was palpable externally and by rectum. On admission to 
the hospital the abdomen was moderately distended. Tenderness was elicited over the 
entire lower abdomen, especially on the right where a globular mass was palpable. 
A tender mass could be felt by rectum. The hemoglobin was 90 per cent with 
4.6 million red blood cells and the white blood count was 28,200 with 86 per cent poly- 
morphonuclear forms. A blood culture was sterile. At operation a large pelvic 
abscess was inci.sed and drained. Culture of material from tins abscess contained 
llacilhts coli. This surgical procedure resulted in only temporary relief. Sign.s 
of iiite.stinal oijstructiou developed, neccssit.-iting colostojuy. Following this the pa- 
tient made a slow but progres.sive recovery. 

Comment . — This case is important first, because no definite diagnosis 
was ever made ; and next, because when the second attack of abdominal 
pain and vomiting occurred, the tendency was to delay surgical interven- 
tion or peritoneal aspiration on aeeoimt of the very rapid improvement 
following the administration of glucose by mouth in the previous episode 
and tiie atypical gastrointestinal s.vmptom.s. 


Cask 7.— (Xo. ll.jUS,.) r. ..„i S-j-c!ir-oM girl, was seen on Oct. 28 1937 
with a history of htiving had frequent adiick.s of cyclic vomiting with acotonuria’ 
one uttucU being severe enough to require relief tlirough the use of glucose in- 
travenously. Ahdominttl pain wtis usually associate.! with these cpisode.s,'’ 

On Oct 36, m;,-?, after a very large evening meal the child began to vomit and 
cunplamed of a hdounnul pain. .She was seen by her physician the following momin- 
who felt that tins was another attack of cyclic Vomiting. Nevertheless-, he notJd 
th.at ... contrast to the j.reviou.s epi.sode-s .she now had localized tondcrne.ss to the 
r.gl.t of tl.e n.,dl...e ... the lower qumiriinl. R.vtal exaaiinutiou wu.s ncmlivo and 
her te, open..., re and pul.-e were nor.nal. The chiM wn.e given nothing but sm.all 
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power .•)<!.(! volumen per ecni. Appen,lieit).s or intestinal ol).struetion wis 
Mi.speetud. A tint x-niy plate of tlie abduiiicn was negative. 

'I'lie child was given a continuous infusion of 2,140 c.c. of 5 per cent glucose in 
.salino .soiuiioK over a period of forty hour.s. Within a few hours after the infusion 
was started, the iibdoiniiial signs eornpletoiy disappeared. Recovery was uneventful 
and the child was di.schargcd in execUent condition. 

C.itih ,1. (N^o. .IfOflSli.) .T, S., a tij^-year-old girl, wa.s first admitted to the Mount 

hiinai Ho.spitnl on Oet. 29, 1921), with .a history of having had allergic eczema during 
infancy. At 5 years of age a. tonsillectoniy imd been performed and was followed 
l>i recuneiit vomiting. This was controlled by the administration of glucose by 
mouth. On Oct 2(1 the patient had developed a mild upper respiratory infection 
accompanied by vomiting and severe abdominal pain. A diagnosis of acute ap- 
pendicitis was made by the consulting surgeon and hospitalization advised. The 
temperature ivas DO.S” and the pulse rate dlO. Just prior to her arrival in the 
hospital the child received a hypodermic injection of codeine which was followed by 
e.oinploto relief of all syniptom.s. 

The patient was readmitted to the hospital on Feb. 24, 1930, having vomited for 
( ho three days prior to admission. Iced glucose solution by mouth was not refaineil. 
'i'ho vomiting was associated with' severe cramplike abdominal pains which were gen- 
oralizod in character. The temperature was 100“ and the pulse rate 133. Again 
a diagnosis of acute uppendiciti.s wa.s made. The child was almost moribund and 
dehydration was marked. There was some generalized but no well-localized area of 
tenderness, though abdominal pain was severe. The white blood cell count wa.s 
10,750 with 80 per cent polymorphonuclear cells and rose to 22,750 with S3 per 
cent polymorphonuclear cells that afternoon. The child was given two intravenous 
infusions of 350 c.c. of 5 per cent glucose in saline solution, each followed by tem- 
porary improvement. It was only after the use of the continuous infusion that n 
cure was obtained. 

Case 4. — (No. 13995(3.) 0. P., a 6%.-year-old boy, was seen on May 5, 1939, in his 
fifth attack of cyclic vomiting associated with severe abdominal pain. The first at- 
tack occurred at the age of 4Vj years. This and the next three similar episodes were 
.successfully treated at home. The fifth episode began the morning of admission to 
the hospital with vomiting, followed by severe cramplike abdominal pain and loose 
ivatery stools. On admission to the hospital, the pulse rate was 120 and the tempera- 
ture 100.8. The fasting blood sugar w-as 100 mg. per 100 c.c. The urine contained 
acetone, 1 plus. The abdomen was quite soft and there was only slight right lower 
quadrant tenderness and no muscle spasm. Although surgery was advised, we de- 
cided to defer operation until the effect of antiketogenic therapy conld be observed. 
After an intravenous injection of 8 per cent glucose in saline solution, the entire 
clinical picture cleared and the boy was discharged in excellent condition on May 27, 
1939. 

Case 5 .— (No. 440739.) K. B., an S-year-old boy, was admitted to the Mount 
Sinai Hospital on May 20, 1939, because of headache, a temperature of 101°, per- 
sistent vomiting, and severe abdominal pain since M,ay 17. The pain kept him awake 
.t ni'rht On May 20 a diagnosis of acute appendicitis was made and operation ad- 

”"°On admission to the hospital he was acutely ill. He was dyspneic and tiie tom- 
^ ' was 103 6“’ abdomen was soft, but slight tenderness was elicited to 

perature umbilicus. This was not severe and not well localized. The throat 

the lelt o ipcted Surgery was advised but was temporarily deferred because 

was moderate j m] infection and ketosis, Tlie white blood cell count 

of the acute “W®’" was four pins. Twenty cubic centimeters of a 50 per 

was 18,900 and the aceronaii 
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cent glucose solution, were injected intiavenously, folloiied by complete subsidence of 
all sjmptoms. The vomiting ceased and the child began to dunk and eat. Tlie 
temperatuie dropped to normal in twelve hours and there was no further abdominal 
pain. The boy made an uneventful recovery and was discharged as cured on Juno 1, 
1939. 


Case 6 — (No 390918 ) K S, a 15 year old boy, had been well until Jan. 23, 
1936, when he began to vomit and complain of abdominal pain This continued 
through the night The following morning his temperature was normal, but he was 
still complaining of abdominal pain The abdomen was soft but distended. It was 
slightly tender geneially, but theie were no localized aieas of tenderness or spasm 
Rectal examination was negative He had a marked acetone breath. On a regime of 
frequent small concentrated glucose feedings by mouth his condition improved so 
rapidly that he returned to school the following morning He remained well for the 
next month, attending school regularly until Feb 23, 1936 (nineteen days before ad 
mission to the hospital). At this time he again developed recurrent vomiting and 
abdominal pain associated with frequent loose watery stools, tenesmus, and a tern 
perature of 102° He was seen about twelve hours after the onset of vomiting and 
again placed on an antiketogenic regime which piomptly corrected the vomiting 
However, his pallor and very sick appearance, the abdominal pain, and tenesmus 
suggested a peritoneal irritation The family refused hospitalization Five per cent 
glucose in saline solution by intravenous infusion was given for several hours with 
striking but only temporary improvement The temperature remained elevated and 
Ins general progress was slow Hospitalization was again advised because of the 
suspected peritonitis but lefused by the parents until March 13, 1936, at which 
time an abdominal mass was palpable externally' and by rectum. On admission to 
the hospital the abdomen was moderately distended. Tenderness was elicited over the 
entire lovvei abdomen, especially on the right where a globular mass was palpable. 
A tender mass could be felt by rectum The hemoglobin was 90 per cent with 
4 6 million red blood cells and the white blood count was 28,200 with 86 per cent poly 
niorphonuelear forms A blood culture was sterile At operation a large pelvic 
abscess was incised and drained Culture of material from this abscess contained 
TIaciUus coll This surgical proicdurc rc'-ulfed in only temporary relief Signs 
of mtestin il obstimtion developed, neiessit iting colostomy. Following this the pa 
ticnt made a slow but progressive reeoveiy 

Comment — This case is important fiist, because no definite diagnosis 
uas ever made, and next, because when tlie second attack of abdominal 
pain and vomiting oeciiiied, the tendency was to delay surgical interven- 
tion or peritonetil aspiration on account of the veiy rapid improvement 
following the administration of glucose by mouth in tlie pievioiis episode 
•md the atypical gastiointestinal symptoms 


Cvsi 7 — (No ll.iOST I R P, in S yurohl gnrl, w.is seen on Oit 28, 19 >7, 
with .1 history of hiving bid friqueut .lU uks of cyclic vomiting with acetonurwi’ 
one iiit.ick being severe enough to require relief through the use of glucose in’ 
tr.ivenously Vbdoiiiin il pain w.is usually associated with these episodes" 

On Get JO, 19 ,T, iftcr .i very l.irge evuuug me.il the ehild began to vomit and 
compKuned of abdomin.il p iiii. .She w.is seen by her pUysici.in the following morniuo 
who felt that this W..S mother .ittacK of cyclic vomiting Xovertheless, he noted 
that m tontrast to the previous episodes, she now hid loc.ilized tenderness to the 
right of the nii.lline m the lower quidrin, tal examination wis no-Mtive m, 
lur tiiiiperiture md puke vvcie normd 'Uie iliild w is given notlimg"bnt J!u 
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quantities ot a glucose solution oially. Vomiting continued but at less frequent in 
tenals. She uas scon at 0:00 i-.jr. on Oct 27 and again at midnight. The tender 
ness and spontaneous pam contmued, but there uas no true ngidity and no fever. 
'Lho child loiiiitod almost every two hours during the night On the morning of 
Oct. 28 the tonipoiature was 300° and the pulse latc was 90. She had a mild 
glycosuna and sevoio acotonuna. Abdoinmal pain contmued and localized tenderness 
was nioie m.irkcd In addition theie was suggestive rebound tenderness Because 
of the locali/ing signs ,i diagnosis of acute appendicitis was made and surgerj 
advised. At operation .i gaiigienous appendix was leiiioved, following which the 
patient made an uneventlul reiovery. The localizing signs became more evident only 
after the ketosis was tieated. 

Cask S. (No. 2911.10 ) J C., a 4 je.ii old giil, was seen on Jl.aj 23, 1928, with 
.1 histoiy of having been iii good health until the night before, when she awoke 
fioin sleep and vomited. The vomiting recuired at frequent intervals through the 
night. She was seen at 8 o'clock the next morning and found to be in a semi 
comatose state. The rectal tempcratuie was 90° F., she was dehydrated and 
coll.ipsod and the breathing w.is tyiiically Ixussiiiaul in character. The abdomen 
was scaphoid. There was no tondeiness and no masses vveie palpable; liovvevei, 
on iialpation ovei McBurney’s area the light thigh became flexed on the abdomen. 
A reetal exaiiiiiiation was done and was negative One ounce every half lioui of a 
nuxtuie of one half oiaiige juice and one half water with 10 per cent glucose was 
letained and the vomiting stopped At noon the tempeiature was 98° and the child 
had abdominal p.iin. At 4 -00 pvt the temperature had risen to 104°. Abdominal 
pain was intense. The abclonien was distended and rigid throughout. Tenderness 
was geneialized Bectal examination revealed the piesence of peritoneal fullness. 
The child was hospitalized immediately, at winch time a white blood cell count was 
7,000. At operation a gangrenous ruptured appendix was removed Convalescence 
was uneventful. 

Comment. — The child was in a state of semicoma and shock with 
hypothermia when first seen. It was only after tlie ketosis was treated 
and the circulation had improved that the abdominal signs and symptoms 
leading to the correct diagnosis became manifest In retrospect, we 
believe that inti-a venous therapy might havm been a moie effective aid 
in arriving at the eonect diagnosis more lapidly^ 

Case 9 — (No 402745 ) D. S , a 9yeai old girl, was seen on Dec 20, 1930, with 
a liistoiy of having become nauseated and vomiting twenty four hours before admis 
sion. Vomiting became recuirent but was not a'.sociated with abdominal pain 
Eight hours before admission the child was given a laxative which was followed 
by abdominal pain, seveie enough to warrant hospitalization On examination there 
was noted marked abdominal tenderness well localized in the right lower quadrant 
The temperatuie vvas 103 G° Urinalysis revealed a four plus aeetonuria. A con 
tinuoub infusion of 5 pei cent glucose in saline solution did not relieve the abdommal 
nain in two hours An opeiation was therefore advised A gangrenous appendix was 
lenioved and local peritonitis drained The immediate postoperative course was 
rvr stonily. Ketonun.i persisted foi foui d.iys postoperatively, even though a 
cominuoub glucose infusion w.as given during the entire time 

Perusal of the case histories and accompanying charts i evcals several 
•ble aids in differentiation between the eases of loeurient vomiting 
S and without appendicitis Several of these findings deserve more 

detailed consideration. 




Jfuptuiud 
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Vovliting. ~Jn acute appendicitis voniitins' usually follows the onset 
of pain and generally occurs only once or twice unless peritonitis is 
present. The vomiting may reveal food which was ingested a consider- 
able period before, indicating the presence of pylorospasm. If vomiting 
occurs in a child with a history of, or a tendency to, cj'^clic vomiting, 
it may recur as was rroted in the cases of Group II or III Cyclic vomit- 
ing usually precedes the abdominal pain. Once the vomiting has started, 
it is repeated frequerrtly and may continue day and night for one to 
three days and sonretinres longer. During the attack, anj'^ intake of food 
or fluid, even small sips of water, may be sufficient stimulus for vomiting. 
The vomitus becomes bile staiired and if it continues long enough, may 
contain blood. 

Abdominal Pain and Tenderness. — The abdominal pain of c}’’elic 
vomiting and ketosis is most often generalized in character, but it may 
be irpper abdominal at the onset rvith later localization to the right lower 
qrradrant. Abdominal tenderrress is usually absent earljq but becomes a 
factor as the vomiting continues. The pain and tenderness are occa- 
sionally excruciating (Case 4). Although there may be greater inten- 
sity of the tenderness in the right lower quadrant, it is usually wide- 
spread and rarely well localized. This is in marked contrast to those 
cases of acute appendicitis which begin mth recurrent vomiting. There 
develops abdominal tenderness localized to the right lower quadrant 
which is persistent. In gener-al when the abdominal symptoms of 
ketosis are severe, the picture is usually more like that of a widespread 
generalized peritonitis than that of a localized inflammatory process. The 
absence of well-localized abdominal tenderness is one of the most con- 
sistent features of ketosis. 


Fever. — Fever is usually present in acute appendicitis and absent in 
cyclic vomiting. This is, however, not always so. Acute gangrenous 
appendicitis may occur with little or no fever (Cases 7 and 10). Cyclic 
vomiting may be accompanied by fever when there is also present in- 
fection which commonly initiates the attack (Case 5) or it may result 
from the dehydration which follows repeated vomiting and starvation 
(Case 1) . Under such conditions the temperature may be very high. In 
Case 8 the acidosis and shock were so profound that the temperature was 
abnormally low (96° P. rectally) and only became elevated following 


antiketogenic therapy. 

The pulse rate is usuallj^ accelerated in acute appendicitis 

even without fever. It is also accelerated during the acidotic stage of 
I'e vomiting. In ketosis -without appendicitis the pulse tends to re- 
turn to normal after treatment; whereas, it continues to be rapid, if 

inflammation of the appendLx is present. ... a 

„ - ^ _Tu cyclic vomiting the respiratory rate is influenced by 

Bespzrakon^ ^ 

the tempera respirations per minute may be observed. 

Increase m rate to 
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PerJiaps of greater importance than the rate itself is the character of 
the respiratory excursions. They are usually deeper and at times 
Kussmaul in character. In the presence of acute appendicitis the 
respirations are increased along ivith the fever, but they may be altered 
by splinting of the right side of the abdomen. In cyclic vomiting splint- 
ing is not commonly a factor. 

IF/iite Blood Coimt . — The ivhite blood cell count in nondiabetie as in 
diabetic ketosis is characterized by leueoc 3 dosis, sometimes of a veiy 
marked degree. It may reach 50,000 with a high percentage of polymor- 
phonuclear forms. It is more common for a white blood cell count of 
5,000 to 10,000 to be associated with acute appendicitis than with ketosis 
(Case 8). 

Rectal Examination . — The rectal examination may be informative in 
(he differential diagnosis in the presence of a gangrenous appendix, an 
iij^pendical abscess, or peritonitis when fullness or tenderness usually is 
elicited in the right lower quadrant. In ej'clic vomiting the rectal exam- 
ination is negative. 

0i.sct;s.siox 


"When an attack of cyclic vomiting lias been established, ketouuria and 
ketonemia, a low fasting blood sngai',* and a glucose tolerance response® 
similar to that of the diabetic are usually noted. Dehydration ensues 
and occasional!}’’ circulatory collapse results. In most instances a 
glycogenic substance, e.g., glucose, will terminate the acute attack. The 
comraonlj’ observed pylorospasm manifested by the vomiting of food 
ingested many hours before the onset of S}Tnptoms and the early ap- 
pearance of ketones in the urine seem to indicate that in both conditions, 
cyclic vomiting and acute appendicitis, starvation may have existed 
previous to the manifestation of the illness. This starvation causes a 
depletion of liver carbohydrate followed by an increased tendency 
lo burn fat and the production of ketosis.®’® 

In all the cases of cyclic vomiting and appendicitis presented, 
ketoniiria was consistently noted. Jlfany of the patients had acetone 
hroath. while some manifested typical Ivussmaul breathing. The keto- 
niiria persisted in some for several days after treatment was started even 


though the elinieal improvement was rapid. In Cases 1, 7, and 8 the 
ketosis was profound and wn.s accompanied by a state of semicoma and of 
a very severe eireiilatory disturbance. During this severe state, the 
aitdominal sym)Uoin.s of Ciise 8 wore completely masked and the rectal 
temperature was 06' P. Only when the dehydration and ketosis wei-e 
treated did it become evident that our patient had an acute abdomen 
.tfcKiltriek made a similar olwervation in some of his diabetics. 

.Several case.s of gangrenous appendicitis had givcosuria and hvper 
glyeemia, as well as Ivctouuria. The.sc findings were so severe in some 
instances as to require lasulin. In each instance spontaneous correction 
ot this metabohe disturbance followed within seven to fourteen davs. 
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Tlic metabolic disturbance here resembled that of a temporary pancreatic 
dysfunction, possibly an insulin insufficiency secondary to infection. 

It has aheady been noted that in both the cases of cyclic vomiting 
with abdominal symptoms as well as those of acute appendicitis with 
leeiurent vomiting there is evidence of altei’ed earbohydi'ate metabolism, 
ketosis, dehydration, and in some instances circulatory disturbances. 
Diabetics in imjiending coma who commonly present a similar picture 
are relieved of their abdominal pain when the dehydz’ation and the 
altered circulation are treated by the administration of fluids, glucose 
and insulin. While glucose, salt, and fluid are necessary, the low blood 
sugar commonl.y noted in the cases of C 3 'elie vomiting contraindicates 
the use of insulin. The abdominal pain of cyclic vomiting as well as 
the vomiting itself usuallj' respond to the administration of a glycogenic 
substance such as glucose. It seemed reasonable therefore to utilize this 
approach as a possible aid in diagnosis in those cases which could not 
easil.y be differentiated bj’’ their presenting signs and symptoms. 

The method of administering this therapy is dependent on several 
factors. Since vomiting is so pi’ominent a feature, the oral administra- 
tion of glucose solution is usually inadvisable. Even if effective the 
response to oral therapy may be too slow. In view of the abdominal 
symptoms rectal instillation of fluid would seem to be unwarranted. A 
single intravenous injection of glucose is often sufficient to correct the 
condition, but the abdominal sj'inptoms may recur, necessitating the 
repetition of the injection as in Case 3. The form of treatment which 
we have found to be most effective is the continuous intravenous ad- 
ministration of 5 per cent glucose in Einger’s or Hartmann’s solution 
for one to three hours, or longer as indicated. this procedure, fluid, 
minerals, and glucose are supplied. The dehydration is controlled, tlie 
shock and collapse are eliminated, and the production of ketone bodies 
is inhibited. In addition, glucose is supplied perhaps for immediate con- 
sumption as well as for the glycogen-poor liver. 

In the cases treated it was noted that after intravenous glucose and 
saline solutions were injected, correction of the abdominal pain, vomiting, 
fever, and tachycardia usually followed I’apidly in the eases of cyclic 
vomiting. The respiratory rate changed. The increased wliite blood 
cell count fell toward normal. Contrasted to this in acute appendicitis 
after intravenous fluid therapy, the ketosis was only diminislied. The 
white blood count did not drop appreciably and the abdominal signs and 
toms of acute appendicitis became more definite. Thus the indica- 
!• cnv cni-o-erv became established. If the question was one of general- 
ized peritonitis, an abdominal puncture was done as a diagnostic aid. 

SU.M.MABY 

of cases has been presented, all of the eases having several 
A series patients had vomited many times in a short in- 

common factors, e 



KARELITZ AXD BEUJIEXTHAI. : PAIX IX CYCLIC VOillTIXG 623 

terval; they had abdominal pain, leiicoeytosis, taelij'cardia, fever, and 
ketonuria. Sui'gery for appendicitis had been advised in all but one 
instance. Some of these -were cases of cyclic vomiting, ivhile others n-ere 
acute appendicitis. Careful evaluation of the history and of the signs 
and symptoms was usually adequate for a diagnosis. When a definite 
diagnosis could not be made, antiketogenic and hydration therapy were 
found to be of valuable diagnostic aid. Operation was performed only 
when the proper indications had been established. 

The inti-avenous injection of a glucose and salt solution is simple and 
safe and effective and was found to be the procedure of choice in the 
rapid treatment of ketosis. This improved the general condition of the 
patient, so that if surgery became necessary, the patient was a better 
risk. We therefore recommend the therapy as suggested to be employed 
in all eases presenting this diagnostic problem. 


coxccrsioxs 

1. Cyclic vomiting is often accompanied by acute abdominal symp- 
toms resembling those of appendicitis. 

2. Acute appendicitis may begin with recurrent vomiting in children 
who have, as well as in children who have not, had prior attacks of 
cyclic vomiting. 

3. The .sjnnptoms of acute appendicitis ma}' be masked by the ketosis 
and beeome manifest only after correction of the ketosis and disturbed 
circulation. 

4. Ketonuria is often present in children with acute appendicitis even 
though the history is of short duration. 

Antiketogenic therapy clarifies the clinical picture. In ca.ses of 
cyclic vomiting the abdominal discomfort and tenderness l)eeome less 
and the fever and leucocytosis diminish; whereas, in acute appendicitis 
the abdominal .symptoms l)eeome more distinct, the tendcrne.ss persists 
and becomes more localized, the fever, tachycardia, and leneoeytosis 
continue. 

6. In all cases in wliieli the differential diagnosis between acute ap- 
pendicitis and abdominal pain a.s.soeiatcd witli ketosis and recurrent 
vomiting is obscure, treatment of the ketosis and deranged circulation 
t)y coutinuous intravenous administration of a gluoo.se containijig 
saline tluid is recommended until the correct diagnosis becomes cleau 
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THE TREATMENT OF INGUINAL HERNIA BY INJECTIONS 
UNDER OPERATIVE VISUALIZATION 

Ernest IS, Jirnheui, M.I)., and IIarocd Neuhof, M.D., 

New Yohk, N. Y. 

a-’i'orn ihe Sm-ffical Service of Dr. Harold Neuhof and the Department of 
Laboratoriex of the .tit. Sinai llonpifal) 


nr* HE number and varietA’ of operative procedures advocated for tlie 
treatment of direct iuyuinai hernia comprise clear evidence of the 
lack of uniformity and satisfactory re.^nilts hi its surgical therapy. .An- 
drews and Bissell’^ collected tlie results of 1,545 operations for direct 
inguinal hernia b}’ different .surgeons and reported an average recur- 
rence rate of 20 per cent. In vieiv of the foregoing, the application of 
still another method in the treatment of direct ingiuital hernia appeared 
to US to be worthj' of consideration. 

Aeeordiug to the e.xperienee of the proponents of the injection treat- 
ment of hernia, this form of tlierajjy is most suitable for small, reducible, 
indirect ingadnsl liernias in young patients with good tissues. It seemed 
illogical to us to apply the injection method in such cases because of the 
good results of surgerv wliich are usually obtained and the difficulties 
and prolonged period of tiie injection treatment. On the other hand, a 
proper field for the Injeetiou treatment might exist in the problem of 
direct inguinal hernia because of the uncertainties of operative results. 
Accordingly we determined to try the method in eases of direct inguinal 
hernia including recurrent Ijernia. 

Up to the present time objectioiJs to the injection treatment of direct 
inguinal hernia have been the poor results obtained, the prolonged 
period of treatment, axid the possibility of injury to the cord structures 
and entry of the peritoneal cavity. Although accidents are rarely re- 
ported, there have been three fatal eases of perforation of the intestine 
resulting iu peritonitis (BeJoie- and McKinney* j , 

In order to attempt to erahiate the results of the injection treatment 


with some degree of precision and also to obviate the dangers from and 
the prolonged application of the method, ire determined to employ the 
method under visualization. Accordingly the plan was to inject a scleros- 


ijm solntion into selected tissues through an open wound. The method 

employed was as follows ; Under local anesthesia, an incision about two 

inches" long was made in the lower third of the inguinal canal. Tlie 

anoneurosis of the external oblique was exposed. In some cases in which 

the external ring was wide and thinned out, the sae of the direct hernia 

id be visualized without division of the aponeiu-osis. In most cases 

urosis was incised over the site of the hernial sac. The material 

the ap £,,-ln-wol a 3 per cent solution of a vegetable oil extracted 

injected was sj lun-iw , 

-^vea rorPUbUcmion. Pec. IS.O 
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from, psyllium seeds. From 20 to 50 c.c. were injected into the properi- 
toneal tissues over the dome of the sac and between the transversalis 
fascia and the adjacent sac. In this w'aj' the injected material was placed 
directly in the region in which fibrosis might effect a cure of the hernia. 
If the external oblique aponeurosis w’as incised, it was closed with a few 
catgut sutures, followed by skin closure. The patient was fitted with a 
truss before being alloAved out of bed and was instructed to wear the 
truss for a period of one year. 

At operation there was always noted an immediate bluish discolora- 
tion of the injected tissues. The injections produced no discomfort. 
There was fever after the injections in all cases, usually persisting for a 
few daj's. In most eases the wounds healed bj- primary union, but, in a 
few instances in which larger amounts of tlie selerosij}g fluid were used, 
there were collections of serum in the wounds or infections. No other 
untoward effects were noted. The following is an analysis of our experi- 
ences with the method that has been outlined. 


Direct Inguinal Hernia . — Tiiere were 17 eases of direct inguinal 
hernia. Eight patients were more than 50 years of age. the average age 
being 48 yeare. The duration of the hernias varied greatly, the average 
period being eight yeai-s. Most of the patients were obese with pro- 
tuberant abdominal walls. Tliey were selected for treatment by injection 
because they were regarded as not offering a favorable outlook for cure 
by operative treatment. 

At the time of the injection a record was made of the size of the 
hei'uial sac. The average was 6 cm. in length and 4 cm. in widtli. Prom 
20 to 50 c.c. of the sclerosing fluid were used, the average being 30 c.c. 
In 5 cases the e.xternal oblique aponeurosis was not opened, in 4 cases it 
was opened for a short distance, and in 8 ca.ses it was opejied tlie length 
of the inguinal canal. 

The )iighe.st average temperature after injectiou was 101.8° and the 
average duration of fever was four days. In 11 ca.ses healing was b^' 
primary union and in 4 there wei-e collections of .serum which did not 
interfere with healing. There were 2 infection.s. On an average the pa- 
tients wei-e out of bed on the -seventh day and were discharged from the 
hospital on the tenth day after injection. 

All of the patients were e.xamined at regular interval.s at follow-up. 
Although we stre-s-sed the impoi-tance of the continuous wearing of 
trusses, we found that only (i patients wore them contiiuiou.siy for a 
year. Sixteen patients were followed for more than one year, the longest 
follow-up period being thirty-three months. In this group there were 10 
cures and 6 recurrences, a recurrence rate of ;i7 per cent. Five of the (i 
patients who wore trusses continuou.sly for a year were well. If we eoii- 
sider as cured only those patients who were free of reeurreiiee.s after 
having di.searded (rii.sse.s for more than six months, S jiatients (50 per 
eeiU) eati be so elassitied. The patients without reeurreuees were fol- 
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lowed ± 01 - ail average period of twenty-two months and had not worn 
trusses for an average period of fourteen months. Five of the 6 recur- 
rences occurred within sixteen months after injections. There were re- 
currences in botli patients in whom infection of the wound had occurred. 
In 1 patient in whom follow-up was lost after six months there was no 
recurrenee at tlie time of the last examination. 


In addition to this group of direct inguinal hernias, there was 1 case 
of large direct and indirect inguinal hernia. The patient was 60 years 
of age and wore his truss for five months after injection. A recurrence 
was noted sixteen months after injection. 

Recurrent Direct Inguinal Hernia . — There were 3 patients with re- 
current direct inguinal hernia. Two patients were more tlian 50 years 
of age. In 1 case tlie liernia was twice recurrent after operation. This 
patient was a poor operative risk with hypertension, emphysema, and 
obesity. In all 3 eases the hernial sacs were large, averaging 8 cm. in 
length and 5 cm. in width. An average of 45 e.c. of sclerosing fluid was 
used. The highest average temperature after injection was 102° and the 
duration of fever, six days. In the first ease the wound healed by 
primaiy union ; in the second there was a collection of serum which did 
not interfere with healing; and in the third case infection of the wound 
occurred. 

Two patients wore trusses continuously for six months, and 1 for ten 
months. All were followed for more than one year, the longest follow- 
up period being thirty mouths. Cure occurred in the ease with the 
longest follow-up, the truss having been discontinued for twenty months. 
In the other 2 cases recurrences took place after one 3 'ear. 

Conibination of Injection and Hernioplasty . — An attempt w'as made 
to modify further the injection treatment bj'' combining operation with 
injection in eases of combined indirect and direct inguinal hernia. The 
procedure consisted in excision of the indirect sac, injection of the di- 
rect hernia as previouslj^ outlined, and repair of the inguinal canal. 
This was carried out in 4 patients. The average age w'as 52 years. The 
hernias w^ere large in all eases, extending into the scrotum. After opera- 
tion trusses w^ere w'orii for one year in 2 cases and were not ivorn in the 


other 2 eases. All were follow’ed for more than one .vear, the longest 
period being twent.v-five months. Three patients were well. The fourth 
had a recurrence which at reoperation proved to be a recurrence of the 
indirect hernia with no evidence of recurrence of the direct hernia. 
This patient w’ore his truss for one j'ear. 

In addition to the foregoing group, there was 1 case in which the in- 
r • t sac w^as excised and the direct Iiernia injected without repair of 
t/eTn^uinal canal. This patient did not wear a truss and w'as well thirty 
..iniitbs after treatment. 

The combination of injection and operaUoi. was used m 2 cases ot 
recurrent direct inguinal hernia. One patient wore a truss for three 
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mouths and was well enty-three mouths after the operation. The 
other patient did not ^^ear a truss and there uas a recurrence ten months 
after operation. 

Eistologic Studies . — The effects on tis.sues of injections of the extract 
of psyllium seeds have been reported. Rice® noted an inflammatory exu- 
date of polymorphonuclear leucocytes and few connective tissue cells in 
dogs in sections obtained fifteen hours after injections of the muscle. 












21 

< \ 1 
4 ^ 5 . 


— 



Pig. 1 — Section one month after injection showing loose fibrous tissue containing 
Ijmphocjtes and pigment-bearing histiocjtes (X650). 


1 ik 



-.s..tK.n two 


.Secimus .mule after longer periods rete.tled a reaction of fibroblasts 

null a gnuiuai cliango into mature fibroUk tissue in from eighteen to 
fill t.\ -too datk 

ManoiP mjccti-d tlie ahdommal uall of i.Us uitJ, UJj, to P5 ec of 
sth.asol and made sections at ime.^als of one hour, one and three davs 
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tilt 7°’ r'’ inie=tion. Tie eee- 

tio it one clay alter mjection allowed au aeate inaammatoiy emdale of 

polycorphoauclear Jeueocyte. Large aumbera of fibroblaafa were noted 

weeks aftei uijectjoxi. Beginning fibrosis, noted one week after injec- 
tion, beeanie marked iji six and eight creeks. 



riff. 3. Section four months after injection showjng- dense bands of compact flbious 

tissue (X90). 



Similar results were reported by Dobson* after injections of psyllium 
seed extract into the reetiis muscie of dogs. This report is important in 
that studies were made as long as ten months after injection. The latter 
showed that in place of the diffuse sheets of fibrous tissue noted during 
the first four jnonths the fibrous tissue generally appeared as small 
islands in the later sections, 



• TKEVTMEXT OE IN'GUIN'AE HERXI.V 
ARNHEM AN1> NEUHOl' . iKt.vi.i 


629 


Experimental ini««on» » do^. -ne ^ “fja 

A., « the aa„.e ^ enSneh ineirinna we 

employed as m the Ueatmen P 5 o c o£ sylnasol were in- 

mad. in the akin o£ the »“*%»* mJeul.tnre o£ the 

Ah.: “rn’r^ns small 

eyrizr-e 

sue contained lymphocytes 

pigment. After tivo leumullte around vessels 

containing pigment cells f^ur months (Fig. 3) 

and also dense baiids containing pigment. Sec- 

there was maiked ft showed that these hands were 

re^rfh^rr - 

‘Z“ «e-».W.-Bnndielt and 

Coley- eepofted the hndinpa 

S^riXToL ov nLoaeopic'evidenee of a atrong bnWk of 
,. p II Wg jiaci the opportunity to obseive the injected 
feue?or3' patients operated upon after recurrences following injec- 
tions. The appearance of the previou.sIy injected tissues made possible 
I .ifiAii rtf Hie ti.ssue changes induced by the injections. 

''"/J the first case 20 c.e. of syliia.sol were injected in a patient with a 
direct itv'uinal hernia. A recurrence was noted ten months later. At 
operation at that time a moderate amount of fibrous ti.s-sue was encoun- 
tered -ibcutaneoiisly. The sae was free from scar tissue. The second 
case was one of direct inguinal hernia. Forty cubic centimeters^ of .syl- 
nasol were injected. Tbe hernia recurred one year atter injection and 
oTetation was performed at that time. Tlie findings were similar to the 
first ease a moderate amount of fibro.sis in the subeutaneous tis-sues, but 
lone about the sae. There was a large indirect and direct inguinal 
I'ernia in the third ease. The treatment wa.s a combination of liernio- 
nla.stv and injection ; c.xcision of the indirect sac, injection of the direct 
component, and repair of the inguinal canal. Fifty cubic centimeters of 
sylnasol were injected. A recurrence was noted fourteen months later. 
Operation wa.s performed eighteen mouths after the original operation. 
The recurrence was found to be an indirect hernia with no evidence of a 
direet sae. There was little (ibrosis in the inguinal canal. 

CO.U.MEXT 

The tisMie ehange.s induced by injection of the p.sylliiun .seed extract 
are those of inllammation and repair induced by a eheinical irritant The 
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efficacy of tiie injection treatment of hernia depends upon whether or not 
fibrosis is complete and permanent enough in order to eifeet a cure. 

Tlie numerous publications on the injection treatment of hernia are 
eoutradietory in their estimation of end-results. If these results are to be 
evaluated, reliance can be placed only on reports ba-sed on pei-soiial 
follow-up examination.s. 

In a group of 300 eases z-epovted by MeKimiey,^ 230 patients were 
personally examined and 70 patients replied by letter or were examined 
by other physicians. Six months’ time had elapsed from the date of the 
last injection before examination in all eases and in the majority from 
one to three and one-half years. There were cures in 83 per cent of the 
cases. Using similar criteria for cure, Rice’*’ repoz’ted 97.6 per cent 
cures in 456 cases of inguinal hernia. Harris and White’ reviewed 236 
cases of inguinal hernia in which 57 ijer cent of the patients wei’e well 
six months to three years after the z’emoval of trusses. Of the remainder, 
28 per cent W'ere still wearing trusses and 15 per cent were not cured. 

In direct contrast to these favorable results, Burdick and Coley^ re- 
ported a recurrence I’ate of SI per cent in a group of 56 cases of inguinal 
hernia. Slater" followed a group of 20 patients wlio had received courses 
of injections for inguinal hernia. All had been considered cured at the 
completion of the treatment. The follow-up study was begun two years 
after the first injection and extended into the fourth year. Recurrences 
were noted in 4 eases two and one-half years after the first injection. 
The number of recurrences iuez-eased so that at four yeai’s there zvere 
only 2 patients free frozzz recurrences. 

Dobsoiz^ repoi'ted follow-up studies in patients from six months to tivo 
and one-half yeai'S after removal of trusses. The eases inchzded 53 in- 
direct inguizzal, 19 direct inguinal, and 6 recurrent inguinal hernias. 
RecuzTenees zvere zzoted in 37.7 per cent of the indirect inguinal Jiei’zzias, 
68.4 per cezzt of the direct inguinal hezmias, and in all of the recurrent 
hernias. ]\IazzoiP reviezved a gz-onp of 158 hernias of all vaz-ieties 
treated by izzjeetions. Thez'e wei-e i-eeuiTenee.s in 19.6 per cent of the 
cases, but 29 per cent of the patieizts were still wearing trusses. 

The results obtained izi ozir eases have izot beejz satisfactozy despite 
the fact that injections zvere made under vision precisely in the region 
in which fibz’Osis zvoukl be desiz’ed to ctFeet cure. A study of the sec- 
tions znade from animal experiments suggests that the reasons for poor 
results are the incompleteness and impermanence of the fibz-o.si.s. Our 
experience zvith recurrences operated upon after injection ti'catment 
establishes that relatively little fibrosis existed at the sites of injection. 

SUMMARY^ 

under operative z’i.sualizatiozz zvere used in the treatment of 
d’^^^tanT recurrent inguinal hernias and in conjunction zvith Jiernio- 
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plasties in combined indirect and direct inguinal bernias. Large amounts 
S prni»-» »ed extract wa injectad into the propentoneal .saa« 
over L hernial aaca and between the transversalis fase.a and the ad- 
jacent sacs. Trusses Mere worn in most cases follmving injections. 

There were seventeen case.s of direct inguinal hernia treated in this 
^vay Sixteen patients were followed for more than one year, the longest 
follow-up period being tliirty-tbree montlis. Tiiere were 10 cures and 
recurrences, a recurrence rate of 37 per cent. Eight patients (oO per 
cent) were weU after discoutiuuanee of trusses for more than six months. 
The patients without recurrences were followed for an average period 
of tiventy-two months and l.ad not worn trusses for an average period 

of fourteen months. 

Three patients with recurrent direct inguinal hernias were treated 
All ,ver/foUo™d for ..oro .h.o «■» v.or, the longest Mlotv-t.p penod 
beta- thift, tnonthe. There were reeurr.nce, ... 2 eoseo The th.rd w s 
well tltirty months otter tajeetion and had not worn a trtBS lor twentj 

months. _ . , , . .1 

In 5 patients with combined indirect and direct mguuial hernias, the 

indirect sacs were excised, the direct hernias injected, and the inguinal 
canals repaired. All patients were followed for more than one year, the 
loimest period being twenty-five months. Four patients were well; the 
fifth had a recurrence of the indirect hernia. Two patients with recur- 
rent direct iimuinal hernias were treated by combined injections and 
hernioplasties. One was well twenty-tliree mouths after operation; the 
other had a recurrence in ten months. 

Following injections of psyllium .seed c.xtract in dogs, there was only 
iucomplete''produeti«n of fibrosis. Ob.servations of patients operated 
upon after reeurrenees following injections failed to reveal adeipiate 

fibrosis. 

Since tliis report the results of furtlier examinations of the.se patients, 
the most recent in September, ID-ll, are a.s follows: 

In the group of 16 patients with direct inguinal hernia followed for 
more tlian one year there were t) cures and 7 reeurrenees, 43.7 per cent 
I'fcnrreiiee rate: the longest follow-np period was three years and nine 
mouths. The patients wit limit reeurrenees were followed for an average 
period of two year.s and four months and had not worn trusses for an 
averune period of one year and six months. One patient with a rceurrent 
direct inguinal hernia has roniained well for tliree years and three months, 
the tnis-s having been diseontimied for two years and five months. Four 
patients with eomhined indirect and direct inguinal licrnia treated by 
injeelion and hernioplasly have remained well for more than two years, 
the longest foUow-up period being three years ami lliree months. 
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CONCLUSION 

Althougli injections under operative visualization have cured eases of 
inguinal hernia not suitable for cure by operation, the method has 
proved to be too uncertain in results to be advocated as a dependable 
thei’apeutic procedure. 
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SarPLIPIED TECHNIQUE FOB AAIPUTATION THROUGH THE 

THIGH 

David A. Willis, M.D., and S. Lloyd Teiteljian, 3I.D., Chicago, III. 

(From the Department of Surgery, Mount Sinai Sospital) 

T he technique to be described is intended for amputations through 
the muscular portion of the thigh, usually about the lower or middle 
third. Its execution obviates the necessity of elevating, turning, or 
twisting the extremit 3 ’’ in order to expose the posterior surface or the 
great blood vessels and avoids the unsurgical appeai'ance, disarrange- 
ment of drapings, and frequent contamination which such maneuvering 
engenders. 

The operation embodies rapiditj'', simplicitj', a minimum of assistance, 
and, we believe, sound surgical principles. 

The technique is as follows ; 

The thigh is scrubbed thoroughlj’- ndth soapsuds and cleansed with 
alcohol. A large sterile sheet is placed under the extremity to Avell 
above the operative site. Another sheet is placed over the leg to just 
above the knee and here fixed securely. A third sheet covers the pa- 
tient’s body to the upper end of the first sheet, to which it is fastened 
securely and snuglj* about the thigh. A large block of sterilized cork is 
placed beneath the thigh at the level of the operative site. No tourniquet 
around the thigh is used. 

Any gaseous auestlictic is satisfactoiy. We have not found spinal 
anesthesia neeessaiy. 

A sweeping, slightl.v curved anterior flap is made, the incision ex- 
tending at once down to the femur. The soft tissues at the sides of 
the bone are easil.v pushed postcriorl.v, and the scalpel is run for a dis- 
tance along the linea aspera to free the attachments of the adductor 
mu.seles. 

A flat band retractor is inserted through the upper portion of this 
tunnel, and at this point, the femur is at once sawed through. The 
band acts as a guard against injuiy to the underlying tissues. 

A tape is placed around the distal fragment which is stronglj' ele- 
vated by the assistant. Downward pressure exerted upon the band 
compresses the ve.sscls in the posterior flap against the cork block, thus 
acting as a temporary tourniquet. The ve.sseLs now may be easily picked 
up with hemostafs under direct vision, or the posterior flap may im- 
mediately 1)0 made by cutting acro.ss from above dorni ward ; fliat Is, from 
beneath the distal fragment down upon the cork block. 

HcccUeU for pub)io.itian. Dec. 9, 1340. 
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Ihe severed extremity need not be removed from the operating table, 
since it remains under tlie sterile sheet and does not interfere with the 
succeeding steps of the procedure. 

The thigh is fle.xed so that the cut surface points ceilingward. The 
vessels are ligated, nerves cut short, and the bone end trimmed as the 
surgeon desires. 



Adductor 
muscles are 
freed, from, 
linea. aapera.. 


Diac^rarn. illustratind 
manner in which, metal 
retractor acts os vessel 
compressor. 




^ — 'N y . 

Aperforans \ \ femoralis. ■ 

v.teria & V K.6.V 
- ■'perforans; profunda 
' ^emoris 


N. Ischiadicus 


I 

Fetractor acts as 
tourniquet and protects 
underlymc^ structurea' 
Distal rrat^ent of femur 
"is elevated, and thidh 
IS severed from above 
downward upon cork 
block. 


Flff. 1. 


Three very fine interrupted suture.s are sufficient to approximate 
nmsele and fascia over the bone end. TJic skin is closed with interrupted 
lutures, and the stump is dressed with soft firm pre.ssure. Dunnage .s 

not necessary. 
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The operation is frequentlj’ performed in tiie debilitated patient with 
impaired circulation. Thei'cfore, the formation of dead spaces must 
be prevented, the blood supply of tissues whose vitality is already pre- 
carious must be preserved, and devitalization of tissues carefully 
avoided. To accomplish these ends, no tissues are to be promiscuously 
grasped in forceps. Sharp dissection, not with scissors, must be used 
throughout. The skin must never be dissected awaj' from the undei'- 
lying tissues. To preserve the blood supplj’^ of the daps, the vessels 
should be ligated close to the distal edges of the daps and not deep in 
the wound. Vessel ends beyond the ligatures should be only long enough 
to insure against slipping, to avoid leaving sclerosed tissue remnants in 
the wound. The very finest caliber of ligature and suture material is to 
be used throughout. All sutures should be tied without undue pressure 
and with only sufficient tension to approximate tissues. 

It is assumed, of course, that every operative patient receives the 
proper preoperative and postopei'ative care. However, as in every 
surgical undertaking, and perhaps particularly in this field, attention 
to minute technical details and sound surgical principles will be re- 
warded with good results. 



PEEFOBATED LEIOjEYOMA OF aiECKEL'S DIVERTICVLlll 

Repobt of Case 


JOHJC D. Koucky, M.D., AND War. 0. Beck, M.D., 

Chicago, Iee. 

{Fivm the Surgical Service of the Cook County hospital and the Department of 
Surgery of the University of Illinois) 


T~*HE tunioi's of IfeekeFs divei'tieiiluni are rare. Because of their 
ruritj', ive ivisii to report a case and briefly summarize the existing 
reports. N3''gaai'd and Walters^ have elassifled the neoplastic diseases 
of Meckel’s diverticulnni into carcinoma and sarcoma, as well as myoma, 
lipoma, neuroma, papilloma, and carcinoid tumors. A large variety of 
tmnors are possible as in no other structure of the body are heterotropic 
tissues as common. Sehaetz- found that in 43 per cent of thirty carefully 
examined diverticula, miicosa or tissue of other than ileae origin was 
present ■ . 

The tumors of Meckel’s diverticulum do not form a large share of the 
pathology of this structure. In Greenblatt, Fund, and Chaney's® series 
of eighteen cases, only one tumor was found. In 50,000 pathologic 
specimens at the Johns Hopkins Hospital, Copeland* found only one 
tumor of Meekel’s diverticulum. More common are the sequelae of the 
heteroplastic gastric and pancreatic tissue as inflammation and uleera- 
tion with hemorrhage and perforation. Intussusception and LHtre’s 
hernia, which Harkins® reports in conjunction with Meckel’s diver- 
ticulum, are less frequent than inflammation but more common than 
tumor. Simons® suggests that myomas having their origin in the sub- 
serous tissue may be the origin of pulsion diverticula. This would even 
east doubt upon the few reported cases ; that is, the}'- may really not have 
their origin in Meekel’s diverticuluni, bnt rather the diverticulum in 
which they are found may be secondary to the tumor. It is impossible 
to prove or to disprove such a contention, as there is no histologic land- 
mark to identify Meckel’s diverticulum, unless the omphalomesenteric 
communication with the umbilical structure is complete. Meckel 's diver- 
ticulum is usually found in the terminal 100 cm. of the ileum, but accord- 


ing to Nygaard and Walters, may occur at any point in the gastro- 
intestinal tract, from tiie cardia to the rectum, so that the reverse of 
Simon’s hypothesis may also be true; that those eases of pulsion 
diverticula'whieh he describes are actually abnormally placed iMeckel 's 

'^^Myomas of the small inte.stine are comparative] 3 ' rare. Raiford” be- 
that tumors of the .small intestine rank in order of frequency; 
carXiomas. adenomas and sarcomas; lipomas and tumors of chronic in- 
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flammatory origin; and finally the most ^common. 
carcinoids, hemangiomas, cysts, and endotheliomas, ^heie maj ario be 
some doubt as to the benign nature of the myomas, as suggest PP 

and Crawford » They believe that one sliould not rely upon the n - 
Lopi^Igaosis in determining whether or not a given l^omyoma m 
mafi-nant or benign. In one of their series a recurrence was iound 
rhlrieen years after resection. Strauss^ has also reported a ease which 
was microscopically benign, but which recurred 

It is therefore, probable that the entire group oi tumois should be 
considered under the heading of leiomyosarcoma. Nygaard and W.h 
ters« have been able to find the reports of twelve cases of sarcoma 
Meckel’s diverticulum and have added three ot their own. 



. X tin MicKcI’a ilitortlculum cNtcnilmg from the ileum «lth the tumor 

I- Is. 1 — bhowmt, UK clo^ln„' at it;, .ipex. 

Perforation of tlic.se tumor.s- appear to be fairly coiiimon. In four 
of the ca.scs reviewed by Xygaard and Mhiltei-s, there were .symptoms 
of diffuse or loealized peritonitis. The three patient.s with difi'nse 
peritonitis died, while the one patient with loealized peritonitis was 
dia-'iiosed as having a ruptured appoiuli.v and recovered. 

The sviiiptomalology of the tumors of rtteekei’s di\crti('iilum is so 
eoiifusiug that diagno.sis is rarely pos.sibie. The complaint is irsually 
of alidomiiial pain in the lower abdomen witli projection to the epi- 
■mstriuni. A paljiatory finding of an ahdoiiiiiial tumor may lie of con.se- 
(piciicc In tine case tlie tumor gave rise to an inius.siisecptioii fOray 
.iiid Kernob.in"). flastroiute.stinal hemorrhage has been rcjiorted. 



m 
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CASE REPORT 

K., u \Uiite male, i7 yeiuH of -.o-a 

ti.inbfer fiom another Iiobpital in Chiea-ro^fr'^'^ County Hospital as a 

c«ono.me reasons. He stated that he had h ".,7 “ ' ’‘® discliarged for 

-current attacks of pai: I h ^ “-‘H eof.p.a J 

umlnheal area. He found sonre rella Z: tl a 

abdomen or striking this a, el ilZ , 7 in the 

P-h cght weeks before adnussionX ^«eb a bout of 

s accompanied by a dull, fever, and romit.C exacerbation. This 

made a diagnosis of acute appendicitis and alv^’ “ physician who 

PP citis and advised an operation. He was admitted 



to a hospital and prepaid for a celiotomy. H.s physician reporfe.I to us that he 
made a right rectus incision. On opening the peritoneum ho encom.tere.I a large 
abscess cavity which seemed to contain infestiiml contents. He, thcrvforo dnine.l 
the area and closed the abdomen. PoUowing this intervention, the patient had a 
very stormy convalescence and a fistula formed which appeared to drain material 
from the small intestine. 


The physical e.vamination on admission to the Cook County Hospital reiealed a 
very emaciated individual of about -10 years of age. The .sclera were verv pale. The 
heart and lungs were essentially normal. The alidoiiiinal wall was grossly eroded, 
the skin being denuded over an area of about fen inches in diameter. In Ibe i elite ' 
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material resembling “tobacco 3 m examination did not reveal any tumor. 

t::: “ r;::.’"-- - 

fistula to remove constantly this regime the denuded area 

vsith a paste of aluminum pam ^ ^ administered parenterally. As 

rapWlj- lieakil. Cektamic ”'^‘6 w .levelopeO. A diagnosis of regional 

an e.xploratioa was advised. 


- -.TTr' 

. '.S 

■' ' '■ ■ 



rIllKli-IH>''-’r 


iiholoinirr.iarapli .-hoivinc the Interlacing tum<iIo.p of .smooth 
niu.3clc eell.-i. 


The opeiaiioa aa.' perforiuol under "cneral anesthesia. Upon upemne the ab- 
.lien It "a.s found that tile listiila led into a large abscess cavity. .Xfter a great 
.I'eal* of ar.hious .lis.'H'ction, the feeding point of the thstulous tract was found to he 
i.erfuniied tumor at the ape.x of a diverticulum which was about 10 cm. long. 
The iliieriiculum was tm the aniime.-onteric border of the ileum about 00 cm. 
from the dcis-ecal valve. The diameter of the .liuTticulum wa.s about the same a.s 
that of tile ileum. The diverticulum and the ileum at its b;u-e were resc-ted for a 
,p«tai>co of about U> cm. ill each dir.s-lioii. .\ side to -idc anaslomo'is was made and 
111 ,, iilsiomeii clo-eil with drainage. 
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The postoperative course was uneventful nnri fii 
Iho hosp.M „ ,|,e poM.p.„i,v, j.. wLrirr 

.1,. .;celle.“ “ 

■: - ■"t “r" >=- - 

pou.1. hafl ab«.,l th. d'',.d Y“'- 

entire end of the nnncli \iio i i about 5 cm long. The 

surrounded by nuLi V,. "ul I'tTon t's 

«ere continuous S a^reriik T T T T 

t.n..a rbb,r'riM z ■ “ “• »' •"• 

.j.. „..4" ;Ltt.:x:;zT..r:zi" "'r.-;; 
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Fig* 4 — The open small intestine and the comiiumication with the lumen of the 

diveiticuluni and tiimoi 

Mtooscopic — The section of tunioi miss icmo\e(l liom MethelN di\crticuluni re 
\ealed interlacing' bundles ot fibrous (onnecfne tissue and mustle tissue cells 
Under lugh power exinnnation the nuclei of the muscle bundles appeared to bo of a 
j?li<Thtly o\al to elongated sh ipe with an aiiijde amount ot (\toplisin immediateh 
adjacent to the nuclei The fibrous strum i had i more spindle sh.iped .ippeiramt 
Here and there between the bundles ot muscle tissue were small focal an uinuhitjons 
of Ijmphocjtes 

This tumor extended to the subinucosi but w is siiarph dcnian.itLd Irom the 
ubniULOsa In one area tiie mucosa was ulcerated and the bise of the ulcer was 
formed b> \.iscular granulation tissue hta\il> inhltrittd b\ round ct IN 

uroliferatin ' nbromvoma of MeekeUs diicrtn uliini 

Diagnosis - — Aetne prunes. « 
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SUMMARY 

Tumors of jMeekel’s diverticulum ar-e rai'e lesions, and myoma or 
myosarcoma is especially so. However, perforation of these tumors is 
not rare in comparison Avitli their occurrence. A ease of a pei'forated 
leiomyoma of Meckel ’s diverticulum with recovery is reported. It is sug- 
gested, however, that the microseopie diagnosis of the benign nature 
of this lesion is not certain; therefore, the prognosis for cure is to be 
guarded. 
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1< IVL TUMORS OF THE ROUND LIG^IMBNT OP THE UTERUS- 
ONE A CAPILLARY HEMANGIOMA 


J. G. ScHNEDORP, ]M.D., Ph.D., and Thojias G. Orb, M.D., 
Kansas City, Kan. 

(From the Department of Surgerp and the Eixon Laboratory of Medical Sesearch, 
University of Kansas School of Medicine) 

r^HE oecurrenee of 11111101*8 of the round ligaiiieut of the uterus is not 
a recent observation. Probably the earliest reference dates baelv to 
the time of Virchow."’ He states that the yellowish mass ■which Walter 
removed (1805) from the I'ight round ligament of a 37-year-old female 
was probably a myoma. It was many years later that Wells” reported 
2 cases of fibrous tumors of the round ligament. One was the size of a 
large orange in a 40-year-old woman ; the other was the size of a coconut 
in a woman, aged 50 years. Sanger^ published the first review of round 
ligament tumors in 1883. He found 11 eases reported in the literature 
and added 1 of his own. His ease was a fibrosarcoma in a 22-year-old 
female. This was the first sarcoma of the round ligament reported. 
Cullen^ reported the first ease of adenomjmma of the round ligament 
before the Johns Hopkins Medical Society in 1895. Subsequent eases 
have been reported with increasing frequency. In 1903 EmanueP col- 
lected 76 cases of tumor of the round ligament and added 4 of his own. 
Taussig® (1914) reviewed the literature briefly and found 61 more cases, 
including his case of a spindle-cell sarcoma. Thus, up to that time 141 
cases had been reported in the literature. Taussig found a statement 
regarding the pathologic nature of the tumors in 135 of the 141 cases. 
Of the 135 tumors, 79 were fibroniyomas, 19 cysts, 1 a dermoid cyst, 30 
adenomyomas, and 6 sarcomas. 

In a brief review of the literature we have found 53 additional eases 
since the report of Taussig in 1914. There were 21 fibroniyomas, 3 c}'sts, 

14 endometriomas, 4 adenomyomas, 2 lipomas, 2 sarcomas, 2 cystadeno- 
earcinomas, 1 benign aberrant ovarian tissue tumor, and 1 ease of 
lithiasis of the round ligament. 

We have 5 new cases to report, 1 endometrioma, 1 fibromyoma, 2 
cysts, and 1 capillary hemangioma of the round ligament of the uterus. 
The capillarj' hemangioma is the first case of its kind to be reported in 
the literature. 

CASE REPORTS 


^ married woman, aged 37 years, was admitted to (lie Uuiver.sity of 
V-MiUs Hospitals complaining of a tender swelling in the right groin. The nodule 
■ ' first observed following a blow to the pclvm in that region about live years 
<51,0 stated that the mass was more tender during menstruation, 
before. • . . directly at the site of the e.vteriial inguinal ring there 

i “• “ 
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, 1 • Tlipre was no evidence of hernia. X-ray 

to be attached to the ’ ,Lted tumor nor was there any other 

examination showed no evidence of the palpatea 

pathologj- of the pelvis. attached to the terminal end of the round 

ligament and also to the pubic bone by libious tusue. 

of the round ligament. tissue measuring -i.T by -i 

The pathologic specimen consmted o portions, and several dark 

by 2.d cm. The outer surface ^ .Ltanc; and presented a 

areas of hemorrhage were present The _ periphery were filled with 

Kn se::::«f ; "rirr 

"'lotm hyalinixatio’n, and monocytic infiltration 


'%?eTgnosis was endometrioma of the round ligament of the uterus. 


vr.; 
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1. — Svctioii 


..f tumor round in Case 1. Typic.at endometrial glands in cellular 
stroma iX135). 


,. , .i—Tliis .■Ri ycar-old colored female was admitted for removal of a fibro- 

o7 the utcru.s. -t liard, round mass about S cm. in diameter was felt in the 
midlTiu' of ‘lie abdomen. II extended to 1 era. below tlie uinbiliru.s. 

\ suiiravagiiiul hv.sterectomy and left salpingeetoniy was done. At tlie same time 
It . ri'dit round ligament, which contained a hard nodule 4 by I..! em. in diameter at 


poly p. 
and attached to the 


- gl>t 

u., terminal end, a as also exeised. 

The nteru.s eontaineil immerou.s subsorous and mural libroinyonum and 
The exei.sed portion of the right nmiol ligament \\a.s 7 cm. long 
outer end aa.s a hard, circuinscrilicd tumor nodule l..i em. in diameter (Fig. 2). 

Tlie histologic picture of the round ligament and of the lihromyomas w.ns .similar 
•iiid elianieteristie. Typical interlacing bundles of 'iiiootli mu'cle libers acre cm- 
l.i-.Iilcd in a hyaline liliroii.s ti.s.sue matrix (Fig. .'!). 

The dingnosi.s aas libroiiiyoma of the right roiiml ligameiil, multiple rilironiyomas 
of the uterus, ami eiidonieirial P'dyp. 

t'r.s) ;i. — Thi.s taiii-at a.'is a lu-year-old vrliite lioii.-caife alio aas adiiiittisl with 
11 . oi.ipl.iint of henna ami goiter. .Mie lia'i rioleil a .-maH ma's iu her left groin for 
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Examination of the left inguinal region revealed a mass 2.5 em. in. diameter, 
located in the upper left labium. The mass was fairly Rrm in consistency, freely 
movable, and slightly tender. It showed no evidence of acute inflammation. The 
external inguinal ring was relaxed, but the mass was irreducible. 

A left inguinal herniorrhaphy was done. A cystic mass with a portion of the 
attached outer end of the round ligament was excised. 

The pathologic specimen from the inguinal region consisted of a cystlike structure 
2 cm. in diameter and 11 cm. long. It was attached to the round ligament. The 



Fig. 1. — Section of tumor trom Case 3. showing two small cysts in a loose liyaline 
flbrou.s tissue containing- many small blood vessels (low power). 
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outer surface was rougliened b)* fibrous tags and fatty tissue. Sectioning showed it 
to be thin walled and multilocular with each portion connected to the other. The 
cysts varied from 1 mm. to 1.5 cm. in diameter. They were filled with a clear mucoid 
material. Histologic section showed numerous cysts of varying sizes lined by 
cuboidal and, in some places, flattened epithelium (Figs. 4 and 5). The cyst wall 
was composed of loosely packed bundles of hyaline fibrous tissue intermingled with a 
few strands of smooth muscle fibers and blood vessels. 

Tlie diagnosis was congenital cyst of the round ligament and indirect inguinal 
hernia. 

Case 4. — This .‘iS-year-oUl wliite female entered tlie hospital complaining of rup- 
tuie, dysmeuorrliea, and eon.'^tipation. The hernia had been present for the past 
eight years. It was about the size of her thumb for the first four years and then be- 
gan to enlarge. It had given her trouble for the past year and occasionally it would 
get hard but not very tender. The hernia ledueed it.self when she would lie down 
until the last four months, when it became irreducible. 

Her general pliysical condition was good. In the right inguinal region there was 
a symmetrical mass about 5 by 8 cm. in size which e.vtended into tlie right labium 
(Fig. fi). Pelvic awl rectal examinations were negative. 



Fin 


-Si'ction tiom I. .sUoWms llulni,' viuUielium, luo.-=e .stroma, .ami b!m),l 

M'ssiils of cy.st w.»u (mvdlum power). ™ 


Al openitum a e>-tu- mas- ua.s <li-wtod out of the right labium and inguinal 
eaual. .Vhout d rm. aliuu- the ...Mernal ring a hernial .s.-ie ua, found. The °rouud 
ligaim-nt la> lU the hernial sae and was attached to the cy.st. The ev,t, .-le, and a 
portion of tlie round ligauicut were excised and a hernioj.lu.stv done 

The speeimen consisted of an irregularly oioid cyst which measured 11 a in' d.r l,v 
,1 cm. and weighed U.-, Gm. The th.n wall of the e.v-t was tran.shieent and sou.; 
what ed. It contained a ,l,,n fluid. Two centimeters of the round 

ligament were att lehcd a, one end. Hmtologic s^tion .-honed a number of evstie 
clef.bhe sp-iees which were bncil by r, la.er of swollea euhuidal epithelial cells.' ThJ 

bundles of smooth mu-cle cell, 

I ho di.igiu.sia was ov.-tic hygroma of the round ligament. ” 
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outer surface was roughened by fibrous tags and fatty tissue. Sectioning showed it 
to he thin walled and multilocnlar with each portion connected to the other. The 
cysts varied from 1 mm. to 1.5 cm. in diameter. They were filled with a clear mucoid 
material. Histologic section showed numerous cysts of varying sizes lined by 
cuboidal and, in some places, flattened epithelium (Figs, i and 5). The cyst wall 
was composed of loosely packed bundles of hyaline fibrous tissue intermingled with a 
few strands of smooth muscle fibers and blood vessels. 

Tlie diagno.sis wa.s congenital cy’st of the round ligament and indirect inguinal 
hernia. 

Case 4.— This 38-year-old white female entered the hospital complaining of rup- 
tuie, dysmenorrhea, and con-stipation. The hernia had been present for the past 
eight years. It was about the size of her thumb for the first four years and then be- 
gan to enlarge. It had given her trouble for the past year and occasionally it would 
get hard but not very tender. The hernia reduced itself when she would lie down 
until the last four months, wlicn it became irreducible. 

Her general physical condition was good. In the right inguinal region there wa.s 
a symmetrical mass about 5 by S cm. in size which extended into tlie right labium 
(Fig. G). Pelvic and rectal examinations were negative. 



Pin 


7.— from C.i.-e I. .sliowinfr liniOK i-uiUii-Uum. loo.se stroma, and 
\e.sscl.s of cy.st w.iU (meillutii power). 


blood 


.\i opeiatiou a oy.-to- ma.ss was dis-e.-u-d out of the right hibium and inguinal 
r.nml. About d <-m. ulawe the e.xteriml ring a hernial .s.-,,- was founii. The round 
ligament lay in the hernial .sac and was attaelied to tlie evst. The ev.st, sue. and a 
portiou of the round ligament were exelsed and a herniopUistv done 

The speeiiueii eon-i.sied of an irregularly oioid cyst wliieli measured 11.5 bv d 5 hv 
:t em. Iiml weiglied 11.-1 Gm. The thin wall of the ci.st was tnim-luceut and Jon,; 
wlmt lobulated. It eontamed a ihm tluid. 'fwo centimeter., of the round 
Iigam.mt were utlaehed at one end. Uwologic .-ivtion .showed a number of evstie 
elef.liKe spaees wh.eh were lined by a layer of .swolleu euboidal epithelial eelU Tim 

;Xu;;r n;:';::!!, 

Tim d.agaesis wa, cy.stie !,ygru„,a of „.e round ligament. 
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outer surface was roughened by fibrous tags and fatty tissue. Sectioning sliowed it 
to be thin walled and niultiloeular with each portion eonneeted to the other. The 
cysts varied from 1 mm. to 1.5 cm. in diameter. They were filled with a clear mucoid 
material. Histologic section showed numerous cysts of varj-ing sizes lined by 
cuboidal and, in some places, flattened epithelium (Figs. 4 and 5). The cyst wall 
was composed of loosely packed bundles of hyaline fibrous tissue intermingled with a 
few strands of smooth muscle fibers and blood vessels. 

The diagnosis was congenital cyst of the round ligament and indirect inguinal 
hernia. 

Case 4. — This .IS-year-old white female entered the hospital complaining of rup- 
ture, dysmenorrhea, and constipation. The hernia had been present for the past 
eight years. It was about the size of lier thumb for tlie first four years and then be- 
gan to enlarge. It had given her trouble for the past year and occasionally it would 
get hard but not very tender. The hernia reduced itself when she would lie down 
until the last four montlis, wlicn it became irreducible. 

Her general physical condition was good. In the riglit inguinal region there was 
a symmetrical mass about a by S cm. in size which extended into the right labium 
(Fig. (i). Pelvic and rectal o.xaminations were negative. 



KIk. 7 — .SVclInii 


\f.-scl.s of cy.-.t wall (medium power). 


At opcralmi. a .y.tie mas.- wa.s di.-secled out of t!ie rigid labium and inguinal 
canul. -U.mit g cm. aboie the e.xternal ring a hernial .-ae was found. Tlie round 
ligament lay in the hernial .-a,- and wa.s attached t,, the cy>t. Tlie i-vst, .-ae and a 
)Hiriiim of tlie round ligament were excised and a herniopl.-isi v done 

The spcc.m.m c,.n.-isted of an irregularly oroid cyst which measured 11.5 bv G.5 bv 
CO. and wcigdied 1.1 Om. fhe ,hi„ wall of ,hc cy.-t was tr.urslncent and somJ- 
wlm. lolmlated. It contained a ,h.n tlnid. Two centimeter., of the round 
ligaiiicii were .iit.iclied at one end. Hi...Uilogic swtion .-howed a number of evstic 
Clctlike space, wliic 1. were lined by a layer of .,wolIen euhoidal epithelial ceil/ ThJ 



bundles of smootl, muscle cell., ami numerous blood"(a“'seI.r(“lTV''’T'r‘‘"‘'^ ‘"-^^Hular 
Ibo dmguost, wa, cy .,tic liygroam of the round ligament. 
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SURGERY 


Case 5. This patient’s chief coniplaint was rupture. She was a 3-1-year-old 
wliite housewife. She first noticed a small mass in her right inguinal region about 
one and one-half years ago when she was on her feet for any length of time. Lately 
the mass had progressively increased in size. She complained only of a feeling of 
pressure and occasional nausea if she pressed on the mass. She thought that it 
disappeared when she lay flat on her back. 

A mass about 3 cm. in diameter was palpated in the right inguinal region. It was 
more noticeable when the patient was standing. It was moderately soft in con- 
sistency and bulged more when she coughed or strained. It was not reducible. The 
clinical impression was that the patient had a right inguinal hernia with possibly 
some incarcerated omentum in the hernial sac. 

At operation a large mass was found in the right inguinal region. It w-as very 
vascular and bled readil 3 '. It was somewhat hourglass-shaped and e.xtended into 
the abdomen with a constriction at the internal ring. After removal it measured 
10 by 4.5 by 4 cm. (Fig. S). A Iiernioplasty' was then performed. 



O caDillary hemangioma of the round ligament of the uterus found In Ca-se j ; 

rig. a. P measured 10 by -1 by 4 cm. 

The specimen was an irregularly shaped and lobulatcd structure. It was fairly 
- 11 encapsulated and the capsule showed numerous fibrous tags and some hemor- 
T .re The cut section in one area showed numerous tiny cystic .structures con- 
a watery hemorrhagic fluid. The cut section through other areas of the ma.ss 
taimn„ a J ^ cellular. The histologic section prevsented an 

appeare .cucture in which there were numerous small and large endothelial 

angioma ous s (-pirr Of. This was .supported by a fibrorausculnr utromu. In 

lined cleftlike spa ( present. There was also some round-cell 

some fields faulj • » hemorrhage. The endothelial cells here and there 

infiltration and a e\ otherwi-e prc.--ented nothing unusual. The cells making 
showed some swellmg ^ oval, roumJod, or HpintlK*" 

up the trabeculae and .supporii g 
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shaped. Their cjToplasm was of a fibrillar nature with mdistmct cell onthn^.. 
The nuclei tended to be vesicular, but a few of them were hypercbromat.c. Ivo 
mitotic figures were seen. Other sections stained with Masson s stain shoiied some 
of the stroma cells to be stained blue. Tliis was suggestive of angtoendotheboma 
in some areas, but, if so, it was not malignant. The final diagnosis was capillary 
Uemangionia of the round ligament. 


DISCUSSION 

Although' tumors of the round ligament of the uterus are relatively 
infrequent, thev should he kept in mind in eonsideriug- any mgumal 
mass in the female. Our five eases demonstrate four different types of 
tumor involvement of the round ligament. The history given by the pa- 
tient with endometrioma of the round ligament was diagnostic. She 



was a woman in the ehildbeuriiig age with a mass in her right inguinal 
region. This hail been present for live years ami was eharaeterized by its 
becoming more tender during her menstrual period. Beek' emphasizes 
that similar symptoms may be produced by heniiatiou of au ovary into 
the canal of Xuek. 

Our two ea.se.s of cyst of the round ligament are interesting beeause 
they demonstrate the size they may attain, Traiisilluinination of the 
tumor in Case 4 gave a vine to the lUagnosis. Both of these eases had 
an assoeiateil indireet inguinal hernia. XeeV' emphasizes the high inei- 
douee of inguinal hernia and inguinal endometriosis and adeaomyomas 
as reported by I'ullen.* yampson,' Christopher,^ and others. 

We were not able to tind any i-epon in the literature of a ease of 
capillary hemangioma of the rmmd ligament of the uterus. The tniiwr 
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ui our patient was extremely vascular and bled readily during the opera- 
tiom Histologic section showed some areas which were suggestive of 
angioendothelioma. The Masson stain showed that in these areas some 
of the stioma cells stained brown like the endothelial lining of tlie capil- 
laiies and sinuses and hence were of the same origin. The connective tis- 
sue elements were stained blue. No mitotic figures were seen. Dr. H. E. 
Wahl, pathologist at the University of Kansas, did not believe tlie tumor 
to be malignant even though some of the areas were suggestive of angio- 
endothelioraa. 

NeeU recently reviewed the prevailing tlieories about the pathogenesis 
of endometrium-like tumors of the round ligament. This was done so 
thoroughly that it is not necessary to present them again. 


SUMMARY 


1. Tumors of the round ligament of the uterus are uncommon but not 
rare. Over 200 eases are reported in the literature. The 3 ’- should be 
considered, therefore, in the diagnosis of masses in the inguinal region 
of the female. 

2. Our 2 eases of c.vst of the round ligament also had an indirect 
inguinal hernia. 

3. We have had 5 eases of tumor of the round ligament in the past 
seven years. Thej^ uere an endometrioma, a fibromj'oma, a congenital 
multiloeular eyst, a ej'stie hygroma, and a capillary hemangioma with 
areas suggestive of benign angioendothelioma. 

4. The first case of capillaiw hemangioma of the round ligament of 
the uterus is reported. 
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HEMANGIOMA OF THE LARGE BGAA^EL- 


Verxe C. Huxt, :ir.D., Los Axgeles, Calif. 


TN 1923 Alfred J. Broivn reviewed 20 cases of hemangioma of the 
1 intestinal tract. Nineteen of those had been recorded in the literature 
previously and to them he added an instance of such a lesion in the 
.icjunum.' In 1930 ^IcGlure and Ellis added to Brown’s original series 
1 case of their own and 1 from the Uterature. Since 1931, Bancroft (9 
cases), Raiford (3 eases), Rankin and Newell (1 ease), Bargen and 
Dixon (3 eases), Weber (1 ease), Ackerman (3 cases). Merchant (2 
eases), and Sanyer (1 case) have reported surgical and autopsy findings 
of hemangiomas of the intestinal tract, making a total of approximately 
48 cases of such vascular tumors of the intestine recorded in the litera- 
ture. In 3 of these the entire intestinal tract was involved by multiple 
hemangiomas; the smaU intestine, including the duodenum, was the site 
of one 'or more of these tumors in 27 cases; the intraperitoneal colon in 
6 eases; the rectum and sigmoid in 2 cases; the rectum in 8 cases; and in 
2 instances the location of the lesion was not stated. 

To date there are apparently only 20 cases recorded in which heman- 
giomas have been encountered in the large bowel surgically or at 
necropsy. It is my good fortune to have seen one of these cases, that of 
an hemangioma of the cecum and appendix, encountered in the course of 
a oholceysteetomy for gallstones which I performed on April 22, 1928, 
while a iuomher of tiie surgical .staff of the Mayo Clinie. Quoting from 
the surgical notes pertaining to the le.siou of the cecum and appendix 
the record .statc.s: “Tlic lateral and anterior surfaces of the eeeum and 
the api'cndix were involved in a very extensive ]iroce.ss which ha.s the ap- 
poaranec of an angioma. The vc.s.sels were tortuous and beaded and in- 
volved the lower three iuche.s of the eeciim and the entire appendix.” 
(Fig 1.) The appendix was removed. Buie and Swan reported this 
case in 1929, and Bargen and Di.xon and Rankin, Bargen, and Buie have 
included it among 5 cn.scs of hemangioma of the colon and rectum, and 
tSu' case was Ukesvise included in Bancroft’s .serie.s of cases in 1031. 


In the reeorded eases of hemangioma of the intestine tlie ]e.sion.s have 
\ariisl in si/.c ami extent from capillary nevi to huge cavernous heman- 
iiiomas circumiVrcntial in their involvement of the inte.stinc. The infro- 
tpicucy with which extensive cavernous hemangioma ha.s been en- 
countered in the large bowel .seems to ju.stify reporting an instance of 
sneh a Ic.sion occnpyiitg the recto.sigmoid and the entire rectum with 
extension to tlu* uterus, sueee.s.sfully operated upon hy a two-.sfage 
abdominoperineal resection of the sigmoid and rectum ami hysterectomy. 


* I’ff •*» nt* (h Annual 

n. Ki»» I>t<% i> 7, 19 ly. 

\ f*'r iuill* »tl< n, 3), 1910 
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SURGERY 
CASE REPORT 

T)ie patient, a female, 39 years of age, was seen July 29, 1940. In brief, rectai 
bleeding' had occurred intermittently since birth and most consistently with a move- 
ment of the bowels. During the patient’s entiie life there had been but few inter- 
vals of three weeks ' duration when no bleeding occurred. Bright red blood had been 
passed many times on arising in the morning and at other times independent of a 
bowel movement. There had been a number of massive hemorrhages from the rectum 
and on several occasions transfusion of blood was necessary. The menstrual 
periods had always been regular and normal and no relationship between menstrual 
periods and rectal bleeding had ever existed, Theie never had been significant 




j. Hemangioma of the cecum .iml .lOPenilK 

1 , • IS wars of age the patient's hemoglobin »a.s 30 per leiit, and there 

rectal pain. - r-inoed from 30 to oO per cent. During the p.'i'it tvvent>-four 

after the lemog treatment had been instituted for uhat uas eoii-idered 

years various jlemorrhoidectoiiiy had been iH-rforiiied at 11 ve.iri of 

an obscure rec a injection and ‘•e.inng of rectal niiicoja on 

age and again at )>-• ,.a”ationabIe temporary benefit. lto<-ntgeno!ogJe ex 

several occasion;. resU negative. Her plij-ieian .st.ited in a letter: "The 

aniinatiott had been e»en ‘ the loner i-olon and r.etiini ahhh 

patient has tUi-s -xM hemorrha„ 

Lks like an hetnangionu- 
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Upon examination the patient appeared to be \ery anemic, but was fairly well 
nourished. The systolic blood pressure was 140, and the diastolic pressure was 90. 
There was a rough sjstolic cardiac murmur, but otherwise the general physical 
examination was essentially negative with the exception of the suggestion of a 
mass in the lower left quadrant of the abdomen. There was considerable scarring 
of the anal and rectal muco‘'a which was somewhat thielvened, and there were a 



SURGERY 


CASE REPORT 


The patient, a female, .19 yeais of age, was seen July 29, 1940. In brief, rectai 
bleeding had occurred intermittently since birth and most consistently with a move- 
ment of the bowels. During the patient's entile life there had been but few inter- 
vals of tliree weeks ’ duration when no bleeding occurred. Bright red blood had been 
passed many times on arising in the morning and at other times independent of a 
bowel movement. There had been a number of massive hemorrhages from tlie rectum 
and on several occasions transfusion of blood was necessary. The menstrual 
periods had always been regular and normal and no relationship between menstrual 
periods and rectal bleeding had ever e.visted. There never had been significant 



1. Hemnnsloni.i of the cecum anil ,iw>enili\ 

1 . • Vt IS vears of age the patient '.s lieiiioglubiii uas ;]0 per eeiit, and there 

Ttlr thrilemoglobin ranged from h’O to .10 per cent. During the pa.t t»enty-four 
after tnt e treatment had been mitituled for uliat uas eon-idered 

jears various^ or jleDiorrhoidei-tomy had been performerl at 11 jear-. of 

an obscure rec a ^^,^rs of age, and injection and se.iring of rectal miicoia on 

age and again at . c y”„tionable temporary henetit. Roentgenologic ev 

teveral occasions resu ,,...mthe. Ifer phytieian ^t.lted in a letter: “The 


teveral occasions resu negathe. Ifer phytieian ^t.lted in a letter: “The 

amination .''“■'■’j j'’'^'gpjo'rrha''ie condition in the loner colon and re<-tnm niiich 

SrUkomi homangionm.” 
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cisiott a.- a permanent colostomy, and placing the distal inverted end into the loner 
angle of the midline incision. A ttansfusion of COO e.e. of blood was given im- 
mediately following the operation. 

Three weeks later, on Aug. 22, 1940, the entire sigmoid and rectum were re- 
moved through the combined abdominoperineal procedure (Figs. 4, 3, and 6). The 
blood loss attending the perineal part of the procedure was considerable, for the 
liemangiomatous process extended iaterally into perirectal structure.^. The operation 


I H* II. uj.ii.nj t 








SUBGERY 


occurring. Urinal.vaia showed a specific gravity of 1.019 and was normal witli the 
exception of a few red blood cells and an occasional leucoe^de. The concentration 
of the hemoglobin was 5.2 6ni. per 100 c.c. of blood (31 per cent) ; the erythro- 
cytes numbered 2,610,000 and the leucocytes 2,-JOO with approximately a normal 
differential count. So much thorough investigation had been engaged in previously 
that surgical exploration was advised on a preoperative diagnosis of a tumor of the 
rectosigmoid. A transfusion of COO c.c. of blood elevated the hemoglobin to 7.5 
Gm. per 100 c.c. of blood and the erythrocytes to 2,970,000. 







y 


, Vvtension of the UciuunBiomatous luoce.-t.-) onto tlic* .mtorlor -uirfnci- of 0" 
rig. ->• uteru.s. 

u oneration, July 31, UNO, through a low median line iw-hioii, there »as .hs 
, " 1 ,'vt..n'.ive hemangiomti involving (he anterior nail of the rn-to.signionl for a 
close an c- ,,„i. above tho peritoneal retlexion and app.-irently extending 

distance o ‘ major part of the rectum (Figs. 2 and :i). The rli.stal half 

well down o anterior and po-ricrior wall-i «ai e.xtensively involied m 

of the uterus on Kxaminalion of the remainder of the eolon nml the 

the hemangioma “I** ^ di-closO anv other lesion. .Vfter due eonuderation it .-.eennil 
small intestine fai ci ^ abdominoperineal n-sei-tion of the .sigmoid arnl rectum 

that only through a ton olfereil, .V subtotal Jnstereetomy nas perfornn d 

could the ”, .^„.,ta''e alslomiuoperirieal r.-.s-tion u;n aeeomphdied hy 

-ind the tirst stage of a ' ‘ ” nro.vimal end throii/;h a left s/dit nm..-le in- 

the sigmoid and 
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Tlw patioat was dismissed from the hospital oa Sept, 13, or the twenty-fourth day 
following the abclominopermeal resection, and returned to her home one month 
later with the perineal wound practically closed and her general condition good. 

In a letter dated Kov. IS, 1910, three months following the resection, the patient 
reported that the hemoglobin had recently been found to be 75 per eentj also, that 
the colostomy, much to her surprise, was no great source of trouble but of much less 
annoyance and embarrassment than the bleeding from the rectum had been for so 
many years. 



K(„-. e.-,51ij._v.,.,l ...urfacc -t th- ninruio n 
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surgery 


was followed immediately by a transfusion of 600 c.c. of blood. Even though bleed- 
ing was accurately controlled at the time of operation, the drainage from the perineal 
wound contained considerable blood for some days. On the sixth postoperative 
day the concentration of hemoglobin was 0.5 Gm. per 100 c.c. of blood (39 per cent) 
and the erythrocytes numbered 2,227,000. A transfusion of 600 c.c. of blood was 
given at this time, following which the convalescence was an entirely orderly one. 


Kls. 
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small or large intestine, and lepeated and ofttinies essanguiuating hemoi- 
rhage has eharaeteriaed lesions situated in the rectum. In a number ot 
instances rectal bleeding occurred in early childhood, ^kleehanieal in- 
testinal okstnietion and intussusception have eha 2 ‘aeteri 2 ed the clinical 
manifestations in a number of the lesions of the small intestine lifer- 
chant lecently leporting two eases of intussusception drie to an hemau- 
'/loma ol the smal} hitestine cited three other instances m width tins 
complication had oecuned. E^en though intussusception occurred in 
nearly one-fiftli of the cases of hemangioma of the small mtestinc, this 
complication oeenried m no instances in which the lesion was situated in 
the colon ilechauicMl ohstruetion oecimcd in two cases (Buie and 
Swan, and Sawwer) of e\tensi\e hemangioma ot the intrapeiitoneal 
colon, and in each instance a filling defect m the colon was visualized 
loentgenolo-iieally Banciott has said- ‘'In anj patient who complains 
of peislstent bleeding fiom the lettum o\ei a peiiod of seals, nsnaliy 
hegmning in infancy, heniangioiiia should be suspected. If the angioma 
occupies the loctum or reetosiginoid the diagnosis may be leadily made 
fiom the appcaiance of the lesion as scon In proctoscopic o.\anijnation 
Vnlcss the tumor is pedunculated loentuenologic examination is of 
little aid in the diagnosis ” 

TREVTWENT 


The moitaluy late folloning tieatment of hcmangioma.5 of the largo 
intestine has hieii aiiiuo\imatel\ .50 per cent. Beath in most instances 
has hieii due to coutimud oi leeuneiit massive hemoiihage. Local 
lautenzation ol Usioiis in the m-tum and lectosigmoid has been folloiied 
in tew safistacfoiv lestiKs MidtipUeity ot' those tumois in the lectum 
and sigmoid has tiuiucnth defeated local methods of tieatmuit Tnffier 
u'poitul .1 ease 111 wliieli death followed massive hemoirhage fiom two 
hemangiomas ot the sigmoid following siitec'vsfiil lauteri/afion of a 
similar hsion in tiie leetuiii Kadieal unielion of the segment of t)ie 
lufiapeiifoiu.ii euloii hailioiiiig .in liemangioma has seldom been in- 
siituled However. lime and .Swan in 1929 and S.nvver in 193p jo- 
loidid two easts of esteiisive ohstriiefive htmaiigioina of the eolon vvliieli 


weie siuti vsfidiv lemovid by the Ilikiilie/ exteiioii/ation pUKoduie 
Till* ingenious and smiissful method wlnVh Baneioft enijdo.vtd in the 
tuatmeiit Ol an tstmsive lieman'-doiii.i ot the sigmoid involving a si g- 
imnt ol the lolon i m ri spimding to the disti/hnfmn of the snpeuor 
111 uuiii hmd.il VI III w.is app.iiiutly iiasul on Kihhei t ’s theoi v [hat giowlh 
Ol an IiimaiigioUM is In inoluting solid huiK of Lndotheliiim into 


a.ijaunt tivsin s w itlioiit invasion of or commijnieation with sat tomdiivj: 
vis-sils and Ihiiifon tlie vaseiilar tumor h.is no aiiastomotie umm, .(mn 
witii Otii. r vissiLs H.iiuioifs I.ise w.is that of .i IT-v, ir.dd hov who 
lud Im.i l.-Ial binding sliii, 1 „ w,K in 

.1, .gnosis ot Inmangmma w.w nude In pjoeios.opie os.unhntlou In 
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SURGERY 


Tlie surgcal specunen was described by Dr. Ja^es B. ICalder, Patliologi.a at St. 
mcent s Hospital, as follows: “Gross Description.— Vierus: The specimen con- 
sists of the supra vag-inal portion of the uterus and the conod out portion of the 
cervi.x-, ogether measuring 8.5 by 5 by 4 cm. On the anterior surface of the fundus, 
leginning 2.5 cm. above the peritoneal refle.vion, there is a mass of engorged veins 
lying; principally on the left. On the posterior surface of the fundus in the widline, 
there is a large mass of dilated veins raised d cm. above the surface. This mn.ss 
fans out on both sides as well as upwards, extending to within 2.5 cm. of the top 
of tlie fundus. Deotum and Sigmoid: The specimen consists of 45 cm. of largo 
bowel, including the anus, rectum and rectosigmoid. Beginning at the anus and 
e.vtending pro.ximaliy 30 cm. the bowel wall is involved by a cavernous hemaiigiomn. 
At its upper extremity the lesion is sharply demarcated, but at the anus tiic tumor 
gradually fades out into numerous tine venules. The mucosa over the lesion is un- 
even because of the protrusion of varices, but is intact e.vcept for innumerable pin 
point ulcers. On cross section the hemangioma involves all of tlie coats of tlio 
bowel wall and e.xtends info the surrounding adipose tissue. The lesion is more 
marked in the submueosa and serosa than in the mucosal or muscular layers. 

“ dlicroscopie. — Uterus: The serosal lesion is composed of thin-walled veins 
engorged with red cells. Tlie muscle of the cervix and lower uterine segment con- 
tains an increased number of large dilated veins. The endoeervi.x and endometrium 
are normal. Rectum and Sigmoid: The tumor is composed of thiii-waiied veins en- 
gorged with red cells. The submucosa is solid hemangioma. The serosa ami mutcu- 
laris are honeycombed by large groups of varices. In the mucosa nearly all of the 
varices lie just above the museularis mucosa; few occur immediately below the .sur- 
face epithelium. The mucous membrane is atrophied and the glands are widely 
separated. Over each solitary follicle there is a superficial ulceration." 

Diagnosis. — 1. Hemangioma of the pelvic peritoneum involving the serous coat 
of the distal half of the uterus. 2. Cavernous hemangioma of the rectum ami recto- 
sigmoid. 

TYPES OP LESIONS 


Brown, in 1923, grouped Jiein.'ingionias of liie ijile.stiiic itilo four 
classes as follows: (1) MidtipJe tumors on the vascular arcades wliicli 
appear as small red nodules situated in the submueosa and conneeled 
with either the arteries or veins of tliat porlion of the intestinal wall, 
ilfieroscopically they are eitlier nevi or cavernous angiomas. (2) Tiic 
submucous tumor which grows toward the lumen of tlie intestine tends io 
ulcerate the overlying niueasa. (3) The subimico.s'al tumor whieh may 
grow to such size that it either obstructs the itdc.stine or causes ;i cliaiigc 
in the nortual peristalsis and brings about intus.su.sception. (d) The 
diffuse ringlike lesion which, hegiiining in the submueosa, involves the 
museularis and constricts the lumen of tlie intestine ami brings about in- 
testinal obstruction. It would .seem that the en.se herein n-porli-ii 
represents still another type of lesion, wliieli may be dc.scribL-d as a 
diffuse intramural lesion involving tbc eiilirc tliieluu-.s.s of tlie bowel wmll 
and which even though it wa.s eircimiferential, wa.s neitla-r const rietive 


nor ob-structive. 


Ct-IXtC'.'I- .U.XNlFKST.iriOS.S 


Temorrhage from the Imwel has been the 


[)i-eihnninant .sym/ifom of 
has bit-n situ, lied in thr 
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small 01- large intestine, and repeated and ofttimes exsanguinating hemoi- 
rhage has chavticterked lesions situated ixi the rectum. In a number of 
instances rectal bleeding occurred in early childhood ilechanical in- 
testinah obstruction and intussusception have characterized the clinical 
manifestations in a number of the lesions of the small intestine Jler- 
eliant lecently lepoiting two cases of intussusception dne to an heman- 
gioma of the small intestine cited three other instances in which this 
complication liad occurred. Even though intussusception occurred in 
nearly one-fiftli of the eases of hemangioma of the small intestine, this 
complication oecimed in no instances in which the lesion was situated in 
the colon Ifeehamcal obstruction occmied in two eases (Buie and 
Swan, and Sawyci) of extensile hemangiom.i of the intraperitoneal 
colon, and in eaeh instance a tilling defect in tlie colon was lisualizid 
loentgenologically Baneiott has said; “In any patient wlio complains 
of peisLstent Weeding fiom the leetnin oier a peiiod of leazs, iisualli 
beginning in infancy, hemangioma should be suspected If the angioma 
occupies the leetum or rectosigmoid the diagnosis nia.v he leadily made 
fiom the appearance of tlic lesion as .seen by 2)ioetoscopie examination 
Tuless the tumor is pedunculated roentgenologic examination is of 
little aid in the diagnosis ” 

TBE ITltF.NT 


The moitality lale following tieatmeiU of hemangionias of the huge 
intestine has iiccn aiipioximatcly 50 per cent. Death in most instances 
iias been due (o continued or ucunent masshe henioitliage. Local 
caiiten/alion of Ksions iii the leetum and lectosigmoid has been followed 
1)1 ft'w salNlaitoii lesults Ilulliplicity of thtsc tiimois in the leetiim 
and sigmoid lias lierjuenth defeated local methods ot tieatment TiiRier 
lejioitid a <ase in whuli deatii followed iiiaxsiie liLiiioiiliage fiom two 
iu mangioiii.is oi (lie sigmoid following suceis->fiil cantervation of a 
similar bsion in the leitnm lladieal leseition of the segment of the 
intiapei itoneal eolon liaiboiing an hemangioma lias seldom been in- 


siituted llouder, Buie and Swan in 1929 and Sawicr in 1939 le- 
<oidul two e.isi,., of extensile ohstiintiie hemangioma of the colon whieli 
w<ie Hute,‘s,sinlli itiiioitd 1)1 the Ifikuliiz exteiioii/afioii pioicdine 
Tht iiigeiiioiis ati.l sniiiv,ful mctlnxl whieh Banooit emj)]oied in the 
II. at mint oi an .‘xtiiisiie hemangioma of the sigmoid iniohing a scg. 
imnt of lix- loloi) .musjiomHiig to the distiibiition of the siipciior 
I). moiihoidai Kill uasaii[Muath iiasul on Hiiibii t \ iheoi i that giowfli 
.0 an li.maiigioma is by jii oji, lii,.,. solbl bnds of emiotluhum into 
a.liai.iit tissii.s witliont iinasmn of or tomniunhation with siii imindiiig 
Mvals and tluufoi,. liu- laseular tumor has no anastomotic (oiuicetion 
with ..tlur i.ss.Js Bamiou's .as,, nas that of a 17-.uaro]d hm ^^h„ 
h.d iia.l i..1,il binding sum- he was H immths of age, m whom ill,- 

■> made ill pio. tosi o;>ic tiaminalion In 
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SURGERY 


brief, upon abdominal exploration the lesion appeared to be confined to 
the distribution of the superior hemori’hoidal vein. The vein was iso- 
lated fi’oin the artery and ligated, following which 10 c.c. of 40 per cent 
sodium salicylate was injected into the vein distal to the ligature. A 
temporary colostomj’' was made high in the sigmoid. This was closed 
nearlj'’ one year later and inasmuch as no bleeding from the rectum had 
occurred since the superior hemorrhoidal vein had been injected, the as- 
sumption that the patient was cured seems warranted. 

There appears to be sufficient evidence at hand to indicate that e.xten- 
sive intramural hemangioma of the rectum and colon may usually be 
treated successfully only through radical extirpation of the involved 
segment of the bowel. An entirely satisfactory result was obtained in 
the case of extensive hemangioma of the rectum and rectosigmoid herein 
recorded, and removed bj’^ abdominopez-ineal resection. 
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Editorial 


“Explosion Jitters’’ 

T here was a time when the surgeon was haunted by the fear of 
wound infection. The novice assistant, the careless nursing staff, 
or the unreliable catgut manufacturer were thought to harbor the ghost. 
Today the fear of e.Kplosion furnishes a more dramatic substitute. 
Whereas wound infection stole upon surgeon and patient insidiously, 
in the still small hours of the night, fire comes upon the operating room 
scene in the full glare of the “Klieg lights.” It has even been known 
to announce its arrival mth the fearful detonation of a bomb. There 
can be little doubt that the ghost of fire hides among the accoutrements 
of the anesthetist. 

We are accustomed to the use of illuminating gas in our basements and 
kitchens and of gasoline in our automobiles. We rarely think of the 
danger involved, and 3"et the chemical nature of ether, ethjdene, or 
cyclopropane does not create a greatly different hazard. Why should 
there be e.\’treme apprehension in the operating room and little or none 
in the kitchen and garage? Three possible reasons maj' be suggested. 

1 . O.xygen is mixed with ignitable substances in the operating room 
and not at home : Apparatus ma\', therefore, contain or deliver ignitable 
mixtures. 

2 . Anesthetic apparatus is moved about, assembled or dismantled 
either in accommodating itself to the respiratory movements of the 
patient, or at the convenience of the operator: Hence .static eleetricitj' 
of differing potentials maj’ accumulate. 

3 . Electrically operated instruments or the actual cautery ixsed in 
the operating room may, especially if defective, constitute a source of 
ignition. 

An ignitable gas or liquid escaping from its container in the pure 
state must be mixed with' adequate o.xygen, and vaporized if a liquid, 
before it will take fire. Extremely dilute mixtures are, in manv in- 
stances. violently explosive; whereins, higher concentrations maj^ fail to 
explode or even to burn when exposed to spark or flame. Knowledge 
of the exact concentrations of a particular substance, which will ignite 
01 explode i\hen mixed iiith air or artificial atmospheres of higher 
O.V3 gen tension i.s of no pi’actical value since, in the proces.s of making 
and dispersing any gnseous mixture, there may exist, at one time or 
another, all concentrations ot anj' component. Lnless o.xj'gen is needed 
for i)h\-siologic reasons (those recognized as indications for oxj'gen 
therapy outside tlie operating room) anesthestic atmospheres containing 
tlie .same tension of o.xygen a.s atmospheric air or slightly higher are 
nwre suitable for the patient’s welfare and are apt not to produce 
violently e.xplosivc mixtures ivith aiiv agent. 

1)61 
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Atmospheres contaminated by ignilahle substances, and containing 
oxygen or nitrous oxide, should be kept in closed containers without 
leaks (anesthetic apparatus with carbon-dioxide absorption technique) 
during the period when electrical apparatus must be used in the vicinity. 
If open techniques of administration of ignitable anesthetic agents aio 
used, or if leaking containers or pipe lines are suspected, the use of 
electric equipment had better be prohibited. 

Electrostatic charges are jnone to accumulate on surfaces sulqect to 
movement and friction. If contamination of the contained or surround- 
ing atmosphere is suspected, it is important to bring iiito intimate 
contact, by handling, all the component parts of apparatus and thc.se 
with patient and anesthetist before fresh co2itact or .s’cparation of the 
component \mits takes place. 

The “hou-sing aiid grounding” elements in moveable equipment may 
casil}^ become defective. For this reason, electric equipment in Jiospitals 
should be frequentl3^ and iiitelligentA inspected and kept in perfect 


repair. 

The surgeon or hospital superintendent should in.si.st upon intelligent 
supervision of anesthetic administration in his institution. E'o rules 
for “safe practice” can replace the minute-to-minute supervision of a 
responsible anesthetist in the operating room. A “jittery” attitude on 
the part of othei's onl}' adds to the Jiazard. 

TJie danger of explosion nuqv be compared to that from Iiemorrhage. 
The operating room mortality rate from blood loss is far in e.xccss of 
that from explosion. Yet the surgeon, the hospital su])erintendent, the 
public press, and the patient do not expect the mortalit.v from hemorrhage 
to be reduced bv .sets of miles prepared by committees and posted in 
the operating room corridors. Deaths from hemorrhage are less frequent 
as knowledge of anatom.y, pli.vsiolog.v, and surgical feclmi(|ue is dis- 
seminated among surgeon.s. Likewise hres and explosions in ojierating 
rooms will become less fre(|uent as knowledge of physics, chemistrv, and 


technical skill is di.sseininated among anesthetists. 

In the meantime it is well to rememlicr that fire or explosion accidents 
which injure patient.s or operating i-ooin attendants are rare indeed. 
When such accidents occur, there would seem to be no more reason lor 
hysterical outbur.sts in the jire.ss and for '‘jitters forever after” on the 
‘ rt of those concerned, than in the ea.se of a death in the oiierating 
room from hemorrhage. By all niean.s, increase our knowleilge of the 
] -sieal and chemical factors involved in the ignition of anesthetic 
■* In the meantime let ns imt the re.sponsibility where it belongs-- 
rfthe anesthetist. Let us see that his knowledge and skill Is the be.t 
T ■ -ID and if he has an accident, let us look iqjon it a.s we would 
obtaina c, » jechnique or <rnjgno.sis by .surgeon or consultant and 
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CYSTIC DISEASE OF THE BREAST 
A CsreicAL Review 


Herbert H, D-vvis, Omaha, Neb. 

I N 1825 Sir Astley Cooper described eysfie disease of the Iireast-. "The 
marks of distinction in tiiis disease are: 1st, the health reiiuiining 
perfect; 2dly, the almost entire absence of pain, unless Ihei'e i.s a sup- 
purative tendency in the cysts, when I have known the disease pain- 
ful; 3diy, the swelling being firm, sinootli, and not tender to the touch; 
■Ithly, when a fluid forms, the fluctuation being very distinct, and a 
sliglit blue tinge being observable when it approaches the skin ; othly, 
the fluid, wlien evaeuated, bavins the transparency of watei’, with a 
very slight yellow tinge, and this is sometimes succeeded by a disebarge 
of mucus.” lie also stated that when the cyst Ls e.vei.sed it does not 
return. Since that time tliere liave been man.v conflicting opinions 
about the etiology, pathology, and treatment. 

Because of these differences of opinion, many names have been ap- 
plied, commonest of which are hydatids of the breast by Coo]ier, 1825; 
seroeystie tumor by Brodie, 1S4G; “lu inahtdie htj-'^tique de<; m(tmcUc-<” 
by Reehis', 1883 ; eystadonoma by Scbimmelbiiseb, 1892 ; mastitis ebroniea 
ey.stiea by tviinig, 1893; abiiormai involution by Warren, 1905; senile 
parenchymatous hypertrophy by Rioodgood, 190fi; fibroadenomatosis 
cystica mammae by Hemb, 1928; eystifeiou.s desquamative epithelial 
bypci-pla.si,; by t'heatle and Cutler, 1931 ; niastopathia by Wbitebonse, 
1934; and many others. 

I'ATIIOI ocv 


The main theories of pathology m.-iy be discussed under rhe folJow- 
mg headings; (I! retention cysts; (2) ebronie inflammation; {3i 
iiivobtfiona! proees.s; (4) epithelial hyperplasia; (5) neoplaslie process; 
(ti) sweat gland origin. 

1. lutoition — Birkett tlSoO) consideicd tlie disease to 1)0 due 
to stenosis ot the hietiferous duets, resulting in failure to discharge 
the secretion. 


The following two theories, i.e.. the infl.umuatoiw and the demmerative 
agree with this pr)neij)]e. They go a step further and di^euss the e.nises 
01 duel olistniei ion which Usids lo retention of secretions and consequent 
toria.-ition of eysts. ‘ 
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2. Chronic Inflammation . — In 1867, Virchow named the coizdition 
interstitial mastitis. 

Konig (1893) is usually credited with formulating the theory of in- 
flammation. He introduced the name “mastitis chronica cystica.” lie 
stated that the lesion often involved both breasts. Frequently swelling 
and pain preceded the menstrual periods; with the onset of the flow the 
tumor decreased in size but several small lumps of leatherlike hardness 
remained. He found the interstitial connective tissue highlj^ infiltrated 
with leucocytes. 

Delbet (1893) thought that the infection entered the mammary duets 
at the nipple, producing a primary inflammation of the connective 
tissue. The same manner of infection was described bj"- Eoloff (1000), 
who thought that infected material could be pressed into the duets of 
the nipple by the pressure of clothes. 

Sasse (1897) classified two forms of cystic disease, one a chronic 
interstitial inflammation, as described by Kbnig, and the other a pure 
neoplastic epithelial growth. Of eler'en cases revieived, he considered 
five to be due to interstitial inflammation. 


Schultze stated that Maly, Kauseh and Borst, Tonpet and Glantcnay, 
Betagh, Franco, Corvil and Petit, Conotein, Pilliet, Phocas, and Tillaux 
were in favor of the inflammatory origin. 

It is rather genez'ally agreed by pathologists that an interstitial round 
cell infiltration is common in cystic disease of the breast. The debated 
point is whether this inflammatory reaction is cause or effect. According 
to the above theory, the inflammation causes .sear tissue foi-mation which 
contracts about the lactiferous ducts, narrowing them to the point where 
secretion is retained. In blue-domed cysts the epitlielium is often thin 


or lacking. On the other hand, round-cell infiltration is not always 
present, and some other origin is needed to e.xplain the.se cases. The 
present consensus of opinion is that cystic disease of tlie lireast is not a 
primary inflammatoiy proee.s.s. The name “chronic cystic mastitis,” 
therefore, is improper. The conunonly found lymphocytic infilti-ation in 
this disease is thought to be a secondaiy change. 


3 Involutional Procea.'i . — In 1880, Billroth found cysts of the brea.st 
conunon in older n-omen at the time of involution in the breast. In the 
vicinitv of the cysts were usually cystic dilatatioJis of small duels, izi 
the interior of which papillary excrescences often aiusc. The large 
• ts had little or no epithelium. The cysts usually araie in hyper- 
tranhied breast tis.sue. He believed that formation of cy.sts was as fol- 
, . . r).„.in.r involution the connective ti.ssue of the luca.st eoiitracted, 

Uioii of the acini shrank and disai)pcared, and the epithelium 
the n ot tlw . ^ ..onlzaetion of eon- 

remaine a ducts and {)ushed otheis apart. I/i the 

nective tis.si vosulted which was mixed with destroyed epifheli,il 

latter an exudation iv-s 

cells and .some blood. 
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In 1906 Bloodgood used the term “senile parenchjmatous hyper- 
trophy.” He spoke of two types of disease, the cystic and the adeno- 
eystic, the latter corresponding to that described by Schiminelbusch. 
He believed that the adenocystie type was caused by parenchymatous 
hypertrophy, in which the dilated duets and acini were filled ivith pro- 
liferating epithelial cells. He compared cj'stic disease of the breast to 
prostatic hypertrophy. 

Warren in 1905 termed the condition “abnormal involution.” Von 
Saar in 1907 showed that after involution there remained some young 
functioning cells which reacted to ovarian impulse. Cystic disease not 
only occurred at the climacteric but also at the involution of each men- 
strual cycle. Berka in 1912 and Bertels in 1913 found changes in each 
involutional stage which could be the beginning of chronic mastitis. 
Syms (1916) showed that following lactation a defective process of 
involution commonly leaves “residual lactation acini.” In 1917, Mc- 
Farland attributed the formation of all cysts to presenile or senile 
involution. Schultz (1933) reported an 18-year-old girl whose breasts 
developed cystic disease during three months of amenorrhea. 

It is generally known that the common age of this disease is between 
40 and 50 years, wliieh is the period of breast involution. 

4. Epithelial Hyperplasia. — Cheatle and Cutler (1931) considered 
that the eystipherous process was biologically and morphologieallj’ dis- 
tinct from an epithelial neoplasia or tumor formation. The desqua- 
mated cells were dead and, therefore, incapable of multiplication. They 
also stated that it was not an atrophic process, but one of pathologic 
activity, and, therefore, not a process of involution. 

5. Xcoplastic Process. — The first comprehensive histologic description 
of cystic disease of the breast was made by Brissaud (1884), who 
examined the pathologic specimens removed by Reclus. Finding that 
the cysts were usually in the periphery, he believed that they arose in 
the acini rather than in the ducts. He gave the lesion the name 
“d’epithUiome hystique intra-acineux.” 

Schimmelbuscli in 1892 considered the disease to be neoplastic and 
named it “cystadenoma.” He dc.scribcd the multiplicity of smaller 
cysts in the outer portion of the breast which made the lobules sharply 
eirenmseribed and .showed a definite ridge. The feeling of small tumoi^ 
in the breast was like that of a “bag of balls.” He stated that the 
primary change was an increase in the number of acini in the lobule, 
much like the jirolifcration in a lactating breast; then the epithelium' 
became several layers thick and finally filled the acini, after which the 
epitlielium in tlie center degenerated. There was never any leucocytic 
infiltration or sign of inllamination. 

Six of the eleven typical ea.se.s described by .Sa.sse (1897) were thought 
to be of a neoplastic nature. These, usually multiple cysts, were fre- 
• inently bilateral and e.-isily became carcinoma. 
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2. Chronic Inflammation . — In 1867, Virchow named the condition 
interstitial mastitis. 


Konig (1893) is usuaUj- credited with formulating the theory of in- 
flammation. He introduced the name "mastitis chronica cystica.” He 
stated that the lesion often involved both breasts. Frequently swelling 
and pain preceded the menstrual periods; mtii the onset of the flow the 
tumor decreased in size but several small lumps of leatherlike hardness 
remained. He foirnd the interstitial connective tissue highly infiltrated 
with leucocytes. 

Delbet (1893) thought that the infection entered the mammary ducts 
at the nipple, producing a primary inflammatioir of the connective 
tissue. The same manner of infection was described by Holoff (1900), 
who thought that infected material could be pressed into the ducts of 
the nipple by the pressure of clothes. 

Sasse (1897) classified two fornrs of cystic disease, one a chronic 
interstitial inflammatiou, as described by Konig, and the other a pure 
ireoplastic epithelial growth. Of eleveir cases I'eviewed, he considered 
five to be due to interstitial irrflammation. 

Sehultze stated that JIaly, Kausch and Borst, Toupet and Glantenay, 
Betagh, Franco, Corvil and Petit, Conotein, Pilliet, Phoeas, and Tillau.v 
were in favor of the inflammatory origin. 

It is rather generally agreed by pathologists that an inteistitial round 
cell infiltration is common in cystic disease of the breast. The debated 
point is whether this inflammatoiy reaction is cause or effect. Accordiiig 
to the above theory, the inflammation causes sear tissue formation which 
contracts about the lactiferous ducts, narrowing them to the point where 
secretion is retamed. In blue-doincd cysts the epithelium is often thin 
or lacking. On the other hand, round-cell infiltration is 2 iot ahvays 
present, and some other origin is needed to e.xplain these ca.se.s. The 
present consensus of opinion is that cystic disease of the breast is not a 
primary inflammatory proce.ss. The name “elu'onie cystic mastitis,” 
therefore, is improper. The commonly found lymphocytic infiltration in 
this disease is thought to be a secondary change. 


3 Involutional Procc.is . — In ISSO, Billroth found cysts of the hi'cast 
■onunon in older women at the time of involution in the breast. In tiie 
Mcinitv of the cysts were usually cystic dilatations of small duct.s, in 
he interior of which papillary c.xcrcsconccs often arose. The larirc 
•vsts had little or no epithelium. The cysts usually aro.se in hyper- 
rouhied breast tissue. He believed that formation of cyst.s was as fol- 
^ ■ Durin" involution the connective ti.s.suc of the beast contracted, 
•thelium of the acini .shrank and disappeared, and the c|>ithclinm 
1 little lonuer in the <htets. An unequal contraction of con- 
•emamed a ducts anti imshcd otiicrs a|)arf In tin- 

lective ti.s.sue rcsultcti which w;w mi.\-i<l with dcsi roved ejiithelial 

atter an exudation re. 

:ells and some blood. 
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cause of chronic c,stic mastitis is not knoun There is no er iclenee t^hat 
it is precancerous. In every instance in which I have exposed a b ae 
domefthe tnmor has been a benign cyst.” This latter statement has led 
to great debate, and noiv it is rather generally agreed that carcinoma 
lery rarelv arises in the epithelium of a lilnc-domed cist. 

0 Evidence of Cystic Dim'sc in Breash Removed for Carcinoma ^ 
Seieral investigators, in studjing the specimens of breasts remored tor 
cancer have also made microscopic sections m dishanf parts ot the 
breast.' Table II uill show the number of cases in which an aecompany- 
ins cystic disease was found. 

Table II 


tcTiion 

YE \R 

c\r.moMv 

C\STIC 

I>ISE.VSE 

PER CENT 

.1. C. Uarren 

Dt'A\cr and MoFarlaaa 

Fi'cher 

Semb 

.McGi.auaon 

XCorpurgo 

1 ewi'' *ma Ge*-eUo:ktor 

1905 

1917 

1925 

192S 

1930 

1930 

193S 

507 

335 

151 

140 

100 

lOfi 

2,075 

15 

23 

21 

112 

S 

47 

29 

■t 0 

o.s 

14 0 
SOO 
,s0 
24.0 

1.1 



4,104 

255 

0 2 


Semb (1928) stated that 80 per cent of mammary cancer iias secoiul- 
. 11 V to tihvoadcnomatosis. Jungc (1932) found cistic disease a.ssociated 
with mammary carcinonm in 83 per cent of his cases. C’licatle and Cutler 
iltV.ll) stated that 20 per cent of cancer arose fiom cj.stipheuius 
dcsipiamatuo epithelial Inpcrplasia. On the other hand, Lewis and 
Coscliiekter (19.38) concluded: “These figures would seem to indicate 
th.it ej.stic disease and adenosis aie not precaneeious lesions, and that 
ladu'.d operations should not be performed as fiequently as tliey are,” 
The> admitted, howerer, that ‘‘appio.ximately 30 per cent of coiirevlo 
ur duet eaieiuoma sliowcd histologically a lelationship to adenosis 
I .Schimmeliniseh’s disease).” 

exiieiioneo is that, if in easts of caicinoma of the hie.ist the siip- 
posully normal p.uts are studud, a high piopoition will siiorv associated 
e\stre drswise, with .til stagi.s of epitiielial hyi)er[)l,isia. I should like 
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The question of where the epitlieliiun or connective tissue plays the 
leading role in C3'^st formation was discussed at the “19. Congress Duit- 
schen Gesellschaft fiir Chirurgie” in 1890, where Sehiimnelbuscli spoke 
of the neoplastic nature, and Konig in conjunction with Vircliow 
spoke of the inflammatory origin. Hackel and Tietze considered it 
neoplastic. 

Opposed to the theory of the neoplastic origin of c_vsts is the dift'iiso- 
ness of the involvement. 

6. Sweat Gland Origin. — Occasionallj’ the cj'sts are lined hj' pale cells, 
which von Saar spoke of as “Masse Epithelien.'’ Because of this pale 
epithelium resembling that of sweat glands, Krompeeher in 1909 stated 
these cj'sts were derived from sweat glands. He named the di.sease 
‘ Oridrokj’-stoma mammae. ” 

In mj"- opinion, since the breast is often considered to be a modified 
sweat gland, the presence of pale ejritlielium would rather be e.xpeeted; 
but this fact does not e.vplain the formation of all cysts, ninuy of which 
do not have this pale epithelium. This theory does not help solve the 
problem of treatment of this disease. 

At present ej'stie disease of the breast is considered not to be a 
primary inflammatory process. The term “chronic e\’.stic mastitis” is, 
therefore, incorrect. L^vniphoe^dic infiltration in this disease, generally 
agreed to be common, is considered a secondary change. Whether the 
process begins in the connective tissue or is a primary epithelial h.vjrer- 
plasia is still debated. Probabl}'- there are two forms of the di.sea.se, a 
cystic type, in which the cysts are due to retention, and an adenoeystic 
type, in which multiple small cy.sts ai’C due to epithelial h.vperjrlasia. 

A studj'’ of endocrine relationship to the breast will aid in solving 
this problem. 


THK REL-iTION OF CiSTIC DISErSE TO C.Uv’Ci.VOM.V Ol’ Till: nitl'AbT 

The earliest wrltei-s upon the subject of chronic cystic mastitis, among 
them Sir Astlej' Cooper (1825), recognized the occasional as.sociation 
with carcinoma. Sehirnrnelbusch (1S92) found eai'cinonia in 3 of 13 
cases he collected from the liter-atur-e. This .subject is considered here 
under the following headings: (1) evidence of unsuspeeled eairinonia in 
breast tissue removed for cystic disease. (2) evidence of e.\stie disease 
in breasts removed for carvinoma; (3) rletenninatmir of the niimbi-r ot 
cases of cystic disease in which carcinoma later de\i-lo))s. 

\ Evidence of Unsu.siHCfed Caninoma in llrui.-t Tisstu Uonnrtd 
r./stre Eisea-W.-TIw figures in Table 1 suggest that carcinoma d.- 
velops much more fre.prcntly in breasts «ith evstir- .liseas,. tharr rrr rrormral 

breasts. ...xMided the adenoevsiie foinr as im r.iiiei imi', in 

In 190G Blooc -,0 r ehaiig*d his opinion ami st,if(T: ‘•'rim 

10 per cent of cases. In 
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;M31, believed Aa. ■‘,>au,M ^ in 

,ytl.ecorpi.alnteum l.omone 

Mses by oral admimstra (jg 34 , s^ted that the logical 

given for cyafe f ' u. On the other hand, 

lireast "ive valuable clues m regaid t aY e „„a nnt hpfore 

1)1 east ai ™ ViPtweeit 20 and 30 yeare of age, not beioie 

“Sr: o^SylrlShe firsi t.rv yeara after the ntenopanse, and 
The main organs ’•““““^"^trovenic hormone stimulates grorrth of the 

:::;r'h;rg aUosa^is of - ^ ^ t- i’:;re= 

intcum, and by the 1> ““f, ? " when it sud- 

eycle, reaching its the blood 

“Li S hi the espuls'ion of the placenta, when it disappears. 

Procestin secreted liy the corpus luteum, stimulates the development 
oAho' acini’ of the breast. During corpus luteum dcvelopmeuMu the 
: „r oart ot the inlermenstrnal cycle, this hormone .5 increased m the 
Idid Corpus luteum coiitiiums to torn, progestin during the firs 
half of pregnancy. Tlicre is, unfortunately, no good riuantitative test 

for progestin. , , , .. t? ^ i p 

The anterior pituitary is necessary for development of tlie breast. 

The sex hormones are tliought to act through the anterior pituitary to 
nroducc breast growth. The breasts atrophy in hypophysectomized ani- 
mals even in those given large do.ses of sex hormones. The ovarian hor- 
mones inhibit the anterior pituitary. As ovarian function decreases 
near the time of the menopause, tliis iiiliihition is lessened, resulting in 
o.s'ee.ss amounts of gonadotropic hornioue.s. It is at this period of life 
tliat chronic c.vstic mastitis is most likely to occur. 

In this age group the ovarian action deerea.ses, and clinical improve- 
ment or cvires may result by treatment with estrogenic substances. 
Mo.st of these breasts .show epithelial hyperplasia indicating marked 
.stimulation of the epitlielium. It is unpliysiologic to expect lack of 
hormone to cause .stimulation. Some hormone must he stimulating these 
terminal duets. The gonadotrophic hormones are in ahuiidaiice at the 
aue this disease is common. It is known that the pituitary is necessary 
for breast growth. Is it therefore not logical that the gonadotropic 
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to suggest that, in the stud3^ of maminaiy eaveiuoina, sections fcom tlie 
supposedly normal breast tissue be studied inutinelr as well as those 
jnade from the tumor itself. 

The ease history o£ a patient with mammaiy carcinoma rarely reveals 
an antecedent benign lump. Of 444 eases of eaveinomn, Johnson (1925) 
obtained tbe history of preceding cystic disease in only 2. Campbell 
(1934) formd sueh in the history of only 4 of S8 cancer cases. 

3. Determinatmi of the Nmnber of Cases of Cystic Disease in WiM 
Carcin07na Later Develops , — A clinical investigation to determine the 
risk of carcinoma developing later in cases of chronic cystic mastitis may 
aid in solving the problem. Some information npon this subject is given 
in Table II made up from a stud.y of the literature. 


Table III 


AUTHOK 

YEAR 

CASES 

CAItCJiCOirA 

mi VEST 

ffreenougti aacl Simmons 


'83 

i 

4.8 

Bioodgood 

1921 

128 

,3 

2.3 

Peek and White 

1922 

03 

0 

0.0 

Johnson 

1925 

107 

in 

1.9 

Campbell 

1934 

233 

1 

0.4 

Kihigenstein 

1933 

o4. 

2 

3.7 

Lends and Gescliickter 

193S 

250 

X 

0,4 

S. Warren 

mo 

340 

14 

4.1 



:,25S 

27 

2.1 


In the eases presented in Table III there was no treatment at ail 
or merely local excision of tlie cyst or cystic area. Mathews (1930) 
stated that in twenty years he had aspirated “fully 50 cysts” and only 
1 had become cancerous, Adair, in discussing Mathews’ i)aper, stated 
that eai’einoma occurred after operation in Wue-domod cysts in Ic.'i.s 
than 2 per cent of cases. These statistics indicate that danger of car- 
cinomatous develoinnent in cystic disease is much less than jniciusco()ic 
.studies of tissue removed would indicate. 

There is rather general agrcennmt that carcinoma docs not coaiiiioidy 
arise in the thin epithelium of. hirpe hhic-donmi cysts. The.sc are tfiu 
cysts which can he palpated and are commonly c.Kcised. Hmall c.ysis 
with proliferating epitiielinm may jiot he palpable and are, therefore, 
not so often e,xciscd by the surgeon. Mast authorities agree that this lypi- 
is mucli more dangerous, e-spceially l^efore the monopnnsr. Bi-caii.sc of 
tlie microscopic change-s frequently seen, showina: all stages of prolnrra- 
ton of epithelium from benign eyst to comedo eareinoma with invasion 
f the stroma, and because of the inupiivit /hiding of unsuspected adeim- 
‘"-.fie disease in other parts of breasts remuwd for carcinoma, 1 believe 
1 ■■ u causes carcinoma much more frefiiieittly than is usuall.v 


thought. j.;N'oociti>>'U cosiiioi. or Tin: miKA.-^r 

i-enorts have been made upon endocrine caa.e. ot 
Many coat e treatment by hortmnie tiierajiv ('iit!,-r 

mammary disea.se and npm 
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of the blue-domed variety, lined by thin epithelium; and the adeno- 
ej'Stic type, with many small e3’sts, lined by hj-perplastie epithelium 
which gives the impression of marked actmty. 

Carcinoma very rarely develops in the epithelium of a blue-domed 
cyst. On the other hand, there may he risk of carcinoma arising in the 
adenocj'stic type. 

Endocrine imbalance is probably the cause. A theory is presented 
in which overactivitj’’ of the anterior pitiiitaiw, associated with deficient 
inhibition bj’’ the ovaries, is considered responsible for cj'stic disease 
of the breast. 
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hormones of the pituitary, with lessened inhibition from the ovaries, 
cause this stimulation? I wish to propose the above as a theory of the 
etiology of cj^stie disease of the breast. I realize this is unproved, but 
it seems to be logical. Bloodgood stated that cystic disease of the breast 
does not occur in obese women, a fact which also tits this theory. In 
aged women well beyond the menopause, when the gonadotropic hor- 
mones are decreased, cystic disease does not occur. 


TUE.VTMEXT 


The most common treatment of cystic disease of the breast is simjile 
excision of a single ej^st or resection of a small cystic area. This local 
resection for a diffuse lesion of one or both breasts seems rather illog- 
ical. Aspiration of a single blue-domed cyst has been recommended for 
treatment as well as for diagnosis. This procedure has the same objec- 
tion, because small cystic areas always exist in the remaining breast 
tissue. After local excision or aspiration, new cysts arise later in la 
to 20 per cent of cases, jllost of the.se arise in the same breast but may 
occur in either. As would be expected, more recurrences arise in the 
adenocystic type than in a breast with large single cysts. The surgeon, 
knowing that cancer is a definite ri.sk, constantly fears its dovelojnncnt 
in the remaining breast tissue. 

Because of the frequent recurrences of cysts and the danger of cancer. 
Cheatle and others have advised bilateral simple mastectomy for tlic 
adenocystic type. This seems radical, as follow-up reports show that can- 
cer develops in only 2 per cent of cases not operated upon or treated with 
local excision. Ufost women would j)refer two or three operations con- 
sisting of simple excision to losing one or both breasts. As tiie lesion 
is diffuse, removal of one breast is no a.ssuranee that carcinoma will not 
occur in the other breast. Bilateral simple mastectomy is certainly the 


best safeguard for the future but is rather radical. 

In spite of the above objections, simide excision usually is advised in 
the cystic type and a little more extensive local excision nr even removal 
of one or both breasts in the adenocystic type. 

In the future we should strive to combat the cause. This means an 
attack upon the endocrine imbalance which probably cau.ses the lesion. 
Jlanv advise injections of cstrin. If the tlieoiy I have i)resented is 
Vrrcct roentgen-ray therapy to the pituitary should be used. Mstrm 
\-ould also be indicated, as it would lielj) to correct the imli.daiicc be- 
tween m-ary and intuitary and also to inhibit the pituitary. 

Suroery should be reserved for bioitsy to ruh> out eareinoina and for 
failure of endocrine therai)y. 


CONfl.ISION-S 


. 1 ev.stic dNea-e of tlie breast ni.iy be eo/isiilel i ■! 

,,nu.t,L-al „.U|, „r .-.-.irlv 

tolicoit'votyiiis! 11“ ■■ 
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Review of Recent Meetings 


THE TWENTY-POUETH ANNUxVL MEETING OP THE 
AMERICAN BRONCHO-ESOPHAGOLOGICAL ASSOCIATION 

P\t!L Holinger, MD, Chicvgo, III 

’T’HE TWEATY EOEfiTH Azmual Meeting of the Ainencaa BroneJio Esopba 
gological Association was held June 3, 1941, at the ilid Baj Club, Cleveland, 
Ohio, President Gabnel Tucker, Philadelphia, presiding. 

The President’s Address consisted of a discussion ot Chemotherapy of the 
Eung Administered by the Endobronchial Eoute. Tucker discussed Kolmer’s 
Mork on bronchial disinfection bj \aceines, bacteiiophages, and autiiiruses He 
tlien presented eiperimental data regarding the eiidobionchial insufBation of the 
sulfamlamide group of drugs, stressing particularlj the U'C of sulfanitaimde and 
sulfadiazine. Bogs were used to determine the local reaction of the bionchial 
niueosa to these drugs as well as to deteniune the blood leiel of tliese drugs follow 
mg intrabronehial insuiRatiou The do-ige w.is 0 3 Gm. per kilogram bodj weight 
and this quantitj was in«ufflated into the lung even second daj The lett bronchus 
was inoculated in each c ise, the right bronchus serring as a control Alter ten 
dajs the tracheobronchial tioe and lungs were e\ainiiied Xo diffeience was noted 
in the mucous membranes ot the two sides of the tracheobronchial tree in which this 
dosage was adhered to and no obstruction was found in an\ case Xo local reac 
tion was found histologic iH\ The blood leiel showed a marked increa'-e proper 
tional in each case to the do-.e which had been admimstereil Howecer, the rate of 
ab'-orption from the lung was not considered impoitaut siiicf the control ot this 
level could be maintaineJ suvce«sfulh bv administration through the intraoral route 
In one instance a Urge do^c of ■«ulf idiazinc, twice the normal dose, was administered 
intrabronchiallj , .vn<l while no avtuil bronchial obstruction was noted macroscopicallj , 
there w is some cvideme of itehct isis in the irc i bevond the point ot insufflation 
It was felt that tins w is eutirelv due to an erroi m the dos ige aduumstered. 
faulfanil iiiudc w is more i ipidlv ab'-orbfl from the bronchus than w is sulfadi izme, 
but tins fai tor w is felt to be ni undesirable one since the .ittempt is made bv 
this tvpe of tlieripv to nivrt i-c the lomciitritum ot the drug .md ui niitain it at 
1 high livel 111 the Inomlui- it-ilt Tinker’s comhisioiic were tint the siill mil iiinde 
drugs vviri will toln-iteil In the lung md I>\ the broiulii without irrit ition iml 
th.it bronilnd ubstniitiuii was not cau'cd when ,i norm.il dosage wa^ Used 

In the Presentation of Instrument-!. C. E. Jackson. Plnhdelphia, presented i 
new tri.lieolomv lube iilii.l. liid i Minpliffld -hiehl md g to hoM the inner 
tube in idi. e 


Carlos E Pitkin, I'leiclmd Bepeated Severe Hemoptjsls Necessitating Pul- 
invmcctomy.-Pitkin prcmtul the i ,.e report ol a pitient !1 veus ot i -c who 
Uid hid rep. lUd mis ue hcmo,u... tp, 

Inomliu^, the wtuil site ol the h.nioptv-i, could it no time be dcteniiiiic.l broil 
.Im^.piudlv Imimu.tlwnu imt other uiciMm, were unsuccessful m controlling 
Ucci Icid f. r (lubllc itl jn, \u„ jj jjjj 
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THE T^YB?^TY-FOURTH ANNUAL 

AilERICAN BRONCHO-ESOPHAGOLOGICAL AbbOCU 

Paul Holus-ger, M D , Chic vgo, III, 

jHB TOENTWODBia “j Sh'S'S 

I Bological Associatioa 'ftab Leld June i, 

Ohio, President Gahnel Tucker. Philadelphia, pie=,idin„. 

. f . 1. ..nv„Miii ot Chemotherapy of 

The EMottonriual Boute. Tucker dl^cu..ed Kolmcr’. 

Lung Administered by the bacteriophages, and aiituiruses. He 

ivork on bronchial disinfection j endobronchial insuftlation of the 

then presented eaperunental . . ^ naTticuIarh the use of sultanilaunde and 

sulfanilamide group of ® reaction of the bronchial 

sulfadiazine. Hogs ^^eIe oeteiiiune t!ie blood leiel of tliese drugs follon- 

wucosa to these drugs as uel . 0 5 Gm. per kilogram hodj n eight 

mg intrabronchiul /tUefJA.re^ second day. The left bronchus 

was inoculated in each a e, » examined. Xo diffeience uas noted 

dajs the tracUeobroue iia ^rse^^ tracheobronchial tree in uhich this 

m the ’aa no obstruction u.is found m an) ease. Xo local reac 

dosage was “"'®f .. pi.e blood Iciel shoued a marked increase propor 

tion lias found had been administered. Houerer. the rate of 

tional m each case eonsi.Iercd important since the control of tins 

ahsorption fro „,,.,i’..ucc- 3 fuUN b\ aduuiustratioa through the lutraoral route. 

,„,i .O.W b. .i« ~™«i *,,, 

In one instance ,,ro„u„al obstruction uas noted macroscopicalh, 

mtrnbrom-lualli.an the :,rca beiond the point of lusumation. 

there entirclv due to .in error m tlie dosage administered. 

It uas c yiljuUi ib'Orbed irom the bronchus than u.is sulfadiazine, 

feuUanilauiKC ua^^^^ ^elt to be an uiidcsir ible one since the attempt is made hi 
but tins tac ^ imrev'C the coiuentratKm ot the drug and maintain it at 

this tipe O ,,r,„„hos ilselt Tucker’s .oucliisions uere that the sultaml imide 

I high ley' u>lei vtcd bi the lung ind In the bronchi uithout irrit.ition and 

b”oncUial ohstnntion u.is not c lused uheu a normal do-ago was Used. 

he Presentatton ot Instniraents, C. L. Jackson, Philadelphia, presented a 
u iuHitoiuv tato whuU Ii id i •'Uii^diiud ^lw(.ld sind to Judd the Hiner 

tube >» I'!'"’ 

Carlos E- Pttki“. Uiei eland: Repeated Severe Hemoptysis Necessitating Pul- 
mon'cctomy.— lbG'in pn'enled the • ise report ui a puient .11 years ot age who 
( ui bid repi itid nii"iie heiimity-e-. AMule the ippirciit source was the lett 
hroiiihws, the utud site of (lie himoptj'i' could it no tiiue be determined bron- 
ilin.iop" ill' PiKiimuihoi i\ Hill other nn i-urvs were iin'Ui,i c-'iiil in controlling 

lui'l'"' I'ublk itlcri. tile' gJ, IXl 
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tlio liemoiiliages. A piiuumoncctomj was peiformtd and caretul dissection of the 
lung tailed to ie\eal the SQuice ot bleeding. The patient, howe\er, has had no 
tiirthoi heiiioptjsis. The i easels and bronchi were normal, but a slight fusiform 
dilatation was touiid in the left lowei lobe. In the discussion of the paper. 
Porter Vinsou, Itiehiiioiid, A^a , suggested that such hemorrhages, ivithout x ray 
01 physical lindings, weie almost always due to slight fusifoim bronchiectasis. He 
i^nggobted tlio iiisulllatioii of sult.inil tiiiide to control bleeding during the hemoptysis, 
and the use ot an aspii.iting tube to remoie granulation tissue ivliicli may be a 
bouicu of tho Iiomoiihage Richard Overholt, Boston, felt that such massive 
hemoiihagCb could be duo only to eiosion of bronchial lessels or to a calcified 
gland, and could not oiigiiiate in the poniiheral vessels. Gabriel Tucker, Phila 
delphia, suggested the u-e ot tannic acid and gallic acid in controlling this type 
of hemoiihago, applied to the mucous inembraiies directly. 


Albert H. Andrews, Jr., Chicago- The Punctional Examination of Respira- 
tion in Obstructive Diseases. — A clinical method of examination was described 
which lecoidb the moicmeiits of .iir in and out of the chest. The apparatus con 
sistcd of a Benedict Roth metabolism apparatus modified essentially by the addi 
tioii of a liigli speed lecouliiig drum for demonstrating the qualitative charac 
tenstics of rcspiiatioii 

Bespiratoiy obsti action in the laijux .ind trachea showed a symmetrical slowing 
ot inspuation and e\piiation at the extremes of the iital capacity tests Bron 
dual asthma was chaiacteiizod by a cuned expiratory tracing and obstructive 
eiiiphysema by a modoratoly slowed lelocity and trapping of air on successive 
maMiiumi expuatoiy moiements 

Tho examination was of theiapeutie usefulness inasmuch as short periods of 
therapeutic tual could bo made under controlled and measured conditions, thereby 
pel nutting the selection of theiapeutie procedures which had been demonstrated to 
be effective. The effects of oxygen, helium, positive pressure, and epinephrin by 
inhalation, weio piesented The course of the disease could be followed and the 
continued effectixeness of the therapeutic proceduie could be demonstrated. The 
examination was of xalue in the study of obstructive diseases because it made pos 
sible the mathematic expression and lecoidiug of the charactenstics of respira 
tion The corielatiou between the lesults of the functional respiratory examination 
and the bronchoscopic findings was considered by Andiews as of value in clarify 
iiig the knowledge of the natuie of the obstructixe diseases 

An outline of the diagnosis of bionclnal asthma was piesented which endeavored 
to coxei the vaiious related factors and to show the role of the functional examina 
tion of respiration 


Arthur E. Hammond, Detroit Perforation of the Trachea by a Mediastinal 
Tumor (Hodgkin’s Disease). — Hammond piesented a report of a 15 year old boy 
who had had clinical and roentgenologic findings of a mediastinal tmnor which was 
' oducing compiession stenosis of the trachea Intra bronchial invasion was found 
bronchoscopic examination and the material lenioved for histologic examination 
I b lied the diagnosis o± Hodgkin’s disease invading the trachea and right 
^ ® The lalue of the laminograpliie study of the trachea was beautifully 
broncius j„g'ntgeu films which demonstrated the obstruction In the discus 

illustrate ) Petioit, reported three cases ot tracheal obstruction pro 

Sion William jjeurysms and one case of a thyroid adenoma which had produced 
duced by aor ic a Louis Clerf, Pliiladelplua, discussed a similar case of 

intratracheal inva stresved the importance of an esophageal study in sucli 

tracheal obstiuction an relitixe fixation of an obstructing mass during swallowing, 
cases to determine ‘"e ^ ‘ Tirol ed to be a retrosternal thyroid, not palpably at 
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Maunce Bonmer, Montreal, Quebec: Some Interesting Endoscopic Boreign 
Body Cases. — ^Bonnier reported three unusual foreign bodies in. the air and food 
passages which were removed endoseopicallj. The first was a corset bone 8% inches 
in length which was lodged in the distal esophagus and stomach; the second, a 
tubular portion of a Wo. 5 tracheotomy tube m the light mam bronchus; and the 
third an open safety pm present in the right lower lobe bronchus for ten jears, 
unsuspected until hemoptvsis led to a roentgen examination. 


Burt E. Shurly, Detroit; A Foreign Body Eetained Thirteen Years in the 
Bronchus. — Shurly reviewed the antituberculosis sun ey which had been earned on 
by the Detroit public schools for the past number of jears Onginallj this con 
sisfed of tubercuhn tests of all school children followed bj roentgen examinations 
of the chest in tuberculin positive cases Wow by the use of 35 mm. film all cliil 
dren are \ rayed, and the tuberculin tests have been discontinued. Thus pulmonarv 
lesions other than those of tuberculosis are diseoiered. In one inst.mcc, a 17-} ear old 
boy was found to have a foreign body, a screw, m the right lower lobe bronchus 
The history was elicited fiom his surprised mother that he had “swallowed a nail 
at the age of four.” She insisted there had been no s>mptoms at tli.it time nor 
since that time and ignored the accident. The suggested endoscopic removal was 
Ignored by the patient and his family. 

G. W. Gner, Pittsburgh Mediastmal Bnlargemeat in Acute Laryngotracheo- 
bronchitis. — Grier discussed the \ ray findings in 59 of a senes of 129 cases 
of larjmgotracheobronchitis that had had \ raj examinations of the chest; 34 of 
these showed a widening of the superior mediastmal sJiadow in the x r.ij film wlucJi 
was appareatl} duo to an enlargement of the paratraclie.il Ijmph glands, asso 
mated with some mflaiiimatoij swelling of the surrounding tissue'. These shadows 
were characterized by a defimte widening of the upper mediastinum with a bilateral, 
concave outer margin In a few cases which iiad been followoil the enlargement 
disappeared spontaneouslv and in one case films made prior to the onset of the 
acute larjngotraclieobronchitis were negative. The condition was also observed 
m bronchopneumonia It \v.is differenti.ited irom the x rav appearance of an 
enlarged thymus or other mcdiastin.il tumors by the fact that such tumors present 
a convex border of the medi.istinal shadows Occasional ca'cs of congenital heart 
disease show a widening of the me<lmstin.-il sli.idow, but these in.iv be differentuted 
readily bv the configur.ition of the heart. 


Julian Johnson, Phil.idelpliia Surgical Treatment of Carcinoma of the Esoph- 
agus — Johnson reported a case of a 57 vearold m.iii who consulted his phv'ician 
four weeks after noting some diliniiUy in swallowing. A careinoma of the nud 
esophagus w.is found on \ rav e\.iminnti(m ami on csophagoseopj . FoIlowm<f a 
preUmiuarv gastrostomv, a tot.il excision of the fhor.ieie csoplngiis wns done 
There w is no evideme of metas(j.,i^ tj,,, present time the patient is b.nck at 

work. SIX iiioiitlis following the ojxr.ition, using .m .irtifiii.il esojiiugu, ,a order 
tint he m.i> e.it l.v mouth He is aide to e.it .i normal diet. The irtiiici d 
esophigns vous.sts of i ruhl«T tube attached to the superior e'oph.i-e.al stum,, 
leidmg extern ilK to the gistrostoiiiv opening .Vn ingenious p irt ot this irtilici il 
, soph igiis I oiisHts of .1 rubber lidloon midway along us lour-e to jierimt the norm il 
tvtUer ripid sw.iUowmg ot tood. V small gus outlet r.hevcs overdislcntioii of this 
1 , ,g s uista. tordv Johnson Mres-esl ,l„. ^ ^ consulted 

h.s phvsie.m tour luvhs tollovvmg the first sj,„ptoms ami the csoph-i mtomv w i, 

,ompht.d seven wivks lollowmg the first sjmptom. Tiie pip^r w is ib-cuss'od bv 
He^y B. O^n, Nowars. N. J, „},o ported out that ',.,.1, oirh operations 

.auUl he m .de on j ,t roent anologisf, reilu.d the import .me ot U ann.n ' the 

.tudv of the g.stro.nust.nd trot it the nionifi ruher tli u h. 
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WillLam Hudson, Uotioit, Eichard Overholt, Boston, .ind Waitman Zmn, Balti 
more, presenlul (.ii-iis ol siiij'u.il jemoial of tlic csojili igus, stre‘-)ing, uith Johnson, 
the leisi)Hlit_\ oi fins [ooieduie 


Hoiniau J. Mocrsch, llmliLstor, aimn . further Ohservations on the Treat- 
ment of Esophageal Varices by Injection of a Sclerosing Solution. — ifoench dis 
eu'-'-ed tile etiologj ami Migge>leil ther.cpj of esoplmgeil lances, pointing out that 
none ot the inothoils ol tlieiapy has pioied entirely satihfaetoij. lie had at 
tempted inibiRcessfullj to piodnee raritis in inimals m order to eraluate e\peri 
meiitnlh i.uious iULthoda of therapy. H'-ing .in e^opliagoseope with both proMnial 
ami dibltil illiimin.itioii, illoeisth heg.iii tlie in)cttion of raiice» using sodium mor 
iliiute ''olutiuu 2 3 jier leiil, iiiRdtd into the \ari\ by .i long, bpeciaily constructed 
needle, -it the piO'ent time ho tiheb a 3 pei cent solution, obtaining a better and 
more lapul scleron-.. The tecliuiqiic or the injcftion consists of esopliagoscopic 
expobiiro of the raricosc \ciii, folloued by the .ipplication of pressure to the prori 
in.il end of the rein nith the lip ol the esoph.igoscopo The needle is then inserted 
into the rein, the medio lining heen pienoubly Idled uith a solution of sodium 
eitiate. Certainty th it the needle is in the rein is obtained by nithdranal of 
blood into tlio smn^e If the patient complains ot pain dining the procedure, the 
injoetion is discontinued at ouco Appro\imate3y 3 to " e c are injected tn ice per 
rrock. Eight injections arc unde, followed by a rest period of about three months 
A iciiow of the icsiilts obtained by Mootseh m the treatment of eleven patients 
luth ranees of tlio esopliigus rr.is piesentod Si\ patients had had prerious splenec 
tonnes rritli massive liemoirliages Three to fourteen injections rrere given these 
patients and the number of Iioniorrhagos was markedly reduced. The number and 
severity of the heniorihages wore icduced in all cases and the general health of the 
patients as a gioup was considerably nnproied Howerer, iloersch felt suffleient 
time had not elapsed to draw definite conclusions as to the efScacy' of the procedure 
The paper was discussed by C L Jackson, Philadelphia, who presented trvo addi 
tional cases snnilarlv injected, one an S rear old giil mtli Banti's disease who 
had had a splenectomy Three injections had been made The second, an adult, 
had ranees rvliicli extended the entire length of the esophagus He had also had 
a splenectomy Edward Benedict, Boston, lilvowise presented one case in which 
trvelve injections had alieady- been made 


Hugh G. Beatty and Dwight Palmer (by invitation), Columbus, Ohio. Esophag- 
eal Neuroses — Beattys and Palmer gare a biief piesentation of a class of 
patients exhibiting functional difSculties in swallowing certain types of food or 
medication They pointed out that these patients are quite nunieious and that 
they are not all of a tyincal neuiotie type They usually do not hare a history 
of tiamiia nor do they hare a stiuctuial change m the esophagus This paiticular 
syndrome is unassociated with spasm of the upper or lowei ends of the esophagus 
They stressed the impoitauce of the diiect esopliagoscopic examination of these 
t ts both foi diagnosis and theiapy, and suggested a reiy limited use of 
'a for the procedure Psychotherapy alone was felt to bo insufficient for 
T^^/Ttraent of these cases, and training in the srvallorrang act was consideied 
t Porter Vinson, Eichmond, A?a, pointed out the systemic effects of a 
essential ^Juch occur occasionally m hysterical iiulniduals who have 

very improper since tlier do not or cannot eat moat and other essential 

difficulty in swallow ng, since y 

foods for a balanced diet 

. gggton Carcinoma of the Esophagus With Special Eefer- 
Edwaid B®heaic , — ^ cnnrerv. X-ray. and BouuinaRe. — ^Benndmt dis 


td. ueneu , Surgery, X-ray, and Bouginage.— Benedict dis 

once to Treatment y surgery and the palbatiro treatments which were 

cussed the various forms 
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used iu 55 cases of carcinoma of the esophag^. Ib 10 of “ tpT,! 

was removed, 3 were explored and found o ® 7 ’cases S were untreated, 

operative complication. A and some n-ithout bouginage. 

26 were treated by deep x-ray tberapj, cervical esopliagus; on ex- 

Ot ft. 3 of ft. 's'. ' ™ ft - 1 »»> 

ploratio. boll iv.re foo.i to ,iS„. La ivell »«oi •'"> 

the lesion was in the thoracic esop ag , „f‘’annro.\-imately the same duration 

had a Grade 2 carcinoma. A second pat e Three other patients 

with Grade 3 carcinoma has a god well, but the duration 

in whom the thoracic consider them surgical cures. Benedict 

of time following surgery is >bs metastases prior to surgical 

stressed the use of the peritoneos p e^^ophaffus, the transtlioraoic 

..ploftlio. ot ft. thoiof. ft Vir; LLI of lb. ..o»oft boiog 

Upproacb .as useJ, fte ^ 7 ^'' ““b , is p.-iog .tier one 

removed. Of 5 of these tran > nlvintb'liad a Grade 2 carcinoma. A second 
and one-half years without ’ duration having had a Grade 3 carcinoma, 

is living and well, after abou to arise in the upper por- 

In the other 3 of ® submucosa of tlie esopliagus; esopliagoscopic 

tion of tlie stomach and ex e ^ postoperatively; 

biopsies were .^uuou-U onlv a short period of time has elapsed siuee 

the other 2 are living treatment, Benedict considered x-ray therapy and 

surgery. In the eases of p ‘ , ^, 5 , tijg method of choice. Of the 11 patients 

bouginage through the esop treatment well and 4 di.l not. There were no 

treated in this manner, 10 Benc.lict stated tliat lie avoided gas- 

^r.y in as great an extent as possible. 

Paul Holinger CUkago,^^^ aiding in 

patient’s general ne S . ^^ 30 ^, Richmond, Va., stated that effec- 

certain therapeutic pro . ’ . ^ j, j-^und and felt that dilatation through 

tive dilatation to give these patients relief. Ho stated 

the plg-s is more satisfactory for these putient.s but 

that the use of p , .n„eat nerve i» involved little henefit i.s derived 
that if the ‘ Tucker. Philadelphia, pointed out the fact that ear- 

from ‘^'1“^**°’’; third of the esophagus responds well to irradiation, giving 

cinoma ot tat 1 1 normal swallowing fuaetiou. 

the patient 0 “® stating that an early gastrostomy and les.s actual trauma 

lie disagreci ^ ^t,i.,t.itioa is a preforalile procedure. A. Ayala, Mexico 

to ‘P® ,,i!,,,u.s.MOii till' advantage of an eaily gastrostomy in esophageal car- 

City, • to several ea.^es of surgical removal of the esophagus vvliich 

cinoma. .,,„.ccssfully. Hcnn.an Moersch, Rochester, Minn., pointed out 

ho hai „eru's of eases of carcinoma of the osojihagus tlic life expectancy wa.s 

that m either dilatation or ga'trosioniy. He presented 1 case of a patient 

tlie s.ina |.;,r,.,noina of the e.sopliagus in whom palliative diatliermy had 

with patient is still living six year.' following this procedure, but a 

” .. 1 ms receiitiv been diagno-eil. Louis Clerf, Philadelphia, pointed out 
(] t «uu'o tU(‘ results'* of irradiation rhany:o m* ron^tantly from year to >ear and are 
liiwiie' steady iiii[>riiveiiient, the.'e may be relied upon more in the future. 
Richard OverboJt. Boston, presented .5 eases of esoplmgectomy with postoperative 
.Ii-itlis 111 the first 2 and a fatal recurrence of the carcinoma in the third and fourth 
CIIK-S after one year; tlie la.st I'alient i.s living and well, six months following the 
osiiphagectomy. WlUhaiil lludjon, Detroit, presented 1 case of a carcinoma of the 
,.,opliagiis 111 which a luclhcral fC'Ccti)s,-opc had In en n.sed to remove portions of the 
niiitor with s.iii.facliiry [lalliativ,' result-. 
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Chevalier L. Jackson tun! Prank W. Konzelraann (by invitation), Philadelphia: 
So-Called. Adenoma of the Bronchus. — Jackson mid Konzeirimnn presented the 
ondoscopio liiidings aiul lii-slology of this important group of bronchial tumors which 
is coming to be witioly recognized aa a clinical and pathologic entity. Tlie.se tumors 
have some of the pathologic cluiructeristics of low-grade carcinonms and may occa- 
sioiuiliy undergo malignant change. However, because of their cellular structure and 
tlieir apparent incapacity to inliltrate or metastasize, they indicate a relatively benign 
character. They foe! tliut many of the “inUammatory tumors,” polyps, hemangiomas, 
fibromas, etc., in the literature could be classed with the "adenomas” pathologically 
and clinically. Of sjiceial interest in thi.s report is the fact that it gives the present 
status of a seric.s of 12 cases of broncliial tumor tliought to be of this type reported 
by Jackson and Konzcbuuun live years ago. Three of the 12 have now been recog- 
nized as low-grade adenocarcinomas, with histologic characteristics which in retrospect 
di.stinguish them from the other 9. In discu.ssing the therapy, they stated that 
brottchoscopic treatment is effectual in most cases of benign adenoma and other 
benign bronchial tumors, but often a number of treatments axe required and in some 
cases it seems impossible to obtain a complete and permanent cure such as will make 
.subsequent trcutnient unnecessary. In view of the definitely benign character of these 
tumors, and the excellent results obtained by conservative treatment, it would seem 
that it should bo given a trial in every c.ise, but surgical treatment of wore radical 
character way be justifiable in some of the enses. 

Alfred Croldntan, San Francisco, presented a series of 19 similar cases of w'hich 
5 became malignant. He felt that broitchoseopic therapy was indicated for drainage 
only in these cases, and that if not soon sneeessful, lobectomy was indicated. 
Edward Benedict, Boston, stated that in a series of 27 cases no cures had re- 
sulted from brouchoscopic removal alone. Six were symptom-free following removal 
of the tumor, but the tumor had recurred in each case. One patient who refused 
treatment remained symptom-free. Eleven of the cases developed an empyema. 
Eight had sufficient lung damage to require lobectomy, and 5 sufficient to require 
pneumonectomy. Three of the patients died of the tumor because of lung gangrene 
or hemorrhage. Louis Clerf, Philadeiphi.a, mentioned the fact that not all of 
these tumors grow with the same rapidity. One of his patients whose original biopsy 
showed an endobronchial tumor with acini typical of an adenoma died three years 
later and the tumor wa.s definitely a squamous-cell carcinoma. 


Paul Holinger, Chicago, and Balph Bigby, Council, Idaho (by invitation): 
Bronchogenic Carcinoma Without Bronchial Obstruction. — Holinger and Bigby 
presented S eases of bronchogenic carcinoma that were characterized clinically simply 
by a nonproductive cough and x-ray evidence of an extensive bilateral infiltrative 
process unassoeiated with broncliial obstruction or bronchial erosion. The roentgen 
findings in 2 of the cases were characteristic of those of fungus disease of the 
lunos Post-mortem examination in each case revealed small primary lesions whose 
ctuai site was difficult to establish, with extensive metastatic spread of the car- 
' a cells throughout both lungs. The invasion was by way of the peribronchial 
eri vascular lymphatics in each case without erosion of the walls. In none of 
Se caTes were the distant nwtastases significant. 

n-as discussed by Bichaid Overholt, Boston, who presented the prob- 
The papur bronchogenic carcinoma wlien brouchoscopic evidence of ueo- 

lem of diaguo jjg stressed the value of exploratory thoracotomy in 


plastic 


disease is absent 


and gave statistical evidence to support the value of such a pro- 
eases of bronchogenic carcinoma salvaged in his series 
in which the diagnosis could not bo wade by simple 


questionable cases 
cedure- The percentage of 

was highest in tissue for biopsy 

bronchoscopic removal 
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John R. Paine, iI.D., IMinneapoijs, I^Iinn. 

, t Unh-ersHy of Minnesota Medical School) 

(From the Department of Surgery, uniLcr.-, j j 

, 1 re^'i^tered for the meeting at which thirty-one 

/^VER 200 members and guests re„i.ter 

U papers were read. ,„„eerned with treatment of pulmonary tuber- 

The fir.st f Auerbach. Staten Island, N. T., discmssed the 

the contralateral lung. 

» p 1 Paul DuFauIt, Bo.ston, reported the re.sults of surgical ther- 

ritut s. 

rate was 16 per cent. 

George E Skiimer, St. Johns, New Brunswick, presented results in two series 
- .-n, nulmonarv tuberculosis treated with tlioracoplasty. One senes was 

■of patients wi P j-ears ago but less 

operated upou showed a lower mortality (6.35 per cent) 

the’more'f^ouent performance of apicolysis. The results in this series were 
S’KiSn Oo Por -‘at -‘good results’' as opposed to 50 per cent. 


Pirhard H Bieffenbach and Anthony D. Crecca, Newark, N. J., analyzed the 
17100 consecutive cases of thoracoplasty on which 221 operative procedures 
nerformed without a deatli. Seventy-one cases were rendered sputum negative. 
7 tmled and a combination of oxygen and nitrous oxide were satisfactorj- anes- 
i entoina . ^ extrapleural pneumolysi.s wa.s re- 

thetics. -v 

portcl to lie sati.sfactory. 


George G- Einney, Baltimore, analyzed 10-1 case.s of thoracoplasty for pul- 
• tuberculosis. The value of routine blood transfu.sion during the opera- 
monuri ^ axillary pillow to decrca.sc the elTort of breathing were 

%^>cd Sixty-two and live-tenths per cent of the patients were clai-silicd u.s 
!'".au'd or apparently arre.-ted after operation. There were 6 operative deaths 
•uid 13 iioiioperative deaths. There were 25 wound infections. 

H Mcltzor, Ninette, Manitoba, reported the re.sults of thoracopla.sty in ISO 
of pulmonary tubereulo.M.-. It was .-hown that the re.-ult.s in well-.-elected 
ritienls oier 10 years of age were as .-oitisfactory as those in the younger age 
sronps. Seienty nine jH-r cent of the patients heeame .>putum negative after the 

,i|ier:itiiin. 


A. M. Vlneberg, D. Ackiu.vn, and M. .iVronovltcli, .Montreal, Quebec, di.scu.-sed 
the results of iinilateral tlioraeopla.'ty in the presence of bilateral pulmonary tuber- 

It, >-,l\<d tor inililli.ition. .\iiz It. 13 it. 

tiSl 
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SURGERY 


Chevalier L. Jackson and Trank W. Konzelmann (by invitation), Philadelphia; 
So-Called Adenoma of the Bronchus. — Jackson and Konzelmann presented the 
endoscopic findings and histolog'y of thi.s important group of bronchial tumors rvhich 
is coming to bo widely recognized as a clinical and pathologic entity. These tumors 
have some of the pathologic characteristics of low-grade carcinomas and may occa- 
sionally undergo malignant change. However, because of their cellular structure and 
their apparent incapacity to infiltrate or metastasize, they indicate a relatively benign 
character. They feel that many of the “inflammatory tumor-s, ’’ polyps, hemangiomas, 
fibroma.s, etc., in the literature could be classed witli the “adenomas” pathologically 
and clinically. Of special interest in this report is the f.act that it gives the present 
status of a series of 12 cases of bronchial tumor thought to be of this type reported 
by Jackson and Konzelmann five years ago. Tlirec of the 12 have now been recog- 
nized as low-grade adenocarcinomas, with histologic characteristics which in retrospect 
distinguish them from the other 9. In discussing the therapy, they stated that 
bronchoscopic treatment is effectual in most cases of benign adenoma and other 
benign bronchial tumo;s, but often a number of treatments are required and in some 
cases it seems impossible to obtain a complete and permanent cure such as will make 
subsequent treatment unnecessaiy. In view of the definitel 3 ' benign character of these 
tumors, and tlie excellent results obtained by conservative treatment, it would seem 
tliat it should be given a trial in every case, but surgical treatment of more radical 
character may be justifiable in some of the eases. 


Alfred Goldman, San Francisco, presented a series of 19 similar cases of which 
5 became malignant. lie felt tliat bronchoscopic therapj- was indicated for drainage 
only in these cases, and that if not soon successful, lobectomy was indicated. 
Edward Benedict, Boston, stated that in a series of 27 cases no cures had re- 
sulted from bronchoscopic removal alone. Six were symptom-free following removal 
of the tumor, but the tumor had recurred in each case. One patient who refused 
treatment remained sj-mptom-free. Eleven of tlie cases developed 'an empyema. 
Bight had sufficient lung damage to require lobectomy, and 5 sufficient to require 
pneumonectomy. Tliree of the patients died of tlie tumor because of lung gangrene 
or hemorrhage. Louis Clerf, Philadelphia, mentioned the fact that not all of 
these tumors grow with the same rapidity. One of his patients whose original biopsy 
showed an endobronchial tumor with acini tj-pical of an adenoma died three years 
later and the tumor was definitely a squamous-cell carcinoma. 


Paul Holinger, Chicago, and Kalph Bigby, Council, Idaho (by invitation) : 
Bronchogenic Carcinoma Without Bronchial Obstruction. — Holinger and Bigby 
presented 3 cases of bronchogenic carcinoma that were characterized clinically simply 
by a nonproductive cough and x-ra^- evidence of an extensive bilateral infiltrative 
process unassociated with bronchial obstruction or bronchial erosion. The roentgen 
findings in 2 of the cases were characteristic of those of fungus disease of the 
luno'S Post-mortem examination in each case revealed small primary lesions whoso 
t'" 1 site was difficult to establish, with extensive metastatic spread of the car- 
' cells throughout both lungs. The invasion was by way of the peribronchial 
cinonia lymphatics in each ease without erosion of the walls. In none of 

the c?ses were the distant metastases significant. 


was discussed by Bichard Overholt, Boston, rvho presented the prob- 
The paper bronchogenic carcinoma when bronclioscopie evidence of neo- 

lem of diaguos He stressed the value of exploratory thoracotomy in 

plastic disease statistical evidence to support the value of such a pro- 

questionable cases gases of bronchogenic carcinoma salvaged in his scries 

cedure. The pcrcen which the diagnosis could not be in.-ule by simple 

was highest in ‘ ^ ^igsuo for biopsy, 
bronchoscopic removal 
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obtained when one lung was made to respire pure nitrogen. In their opinion, fluoros- 
copy combined with roentgenography ^ves a fairly accurate estimation of the 
functional capacity of the lungs. 

or. M. Chamberlain, Oneonta, N. Y., reviewed 100 consecutive cases of endo- 
bronchial tuberculosis. Pneumothorax appeared to be a dangerous procedure in 
this condition since one-third of the patients so treated died. Thoracoplasty was 
the best available method of treatment. In selected cases pneumonectomy or cavity 
drainage might be employed. 

W. M. Tuttle, Detroit, outlined his experience with tuberculous stenosis of 
the major bronchi in 105 patients. In 30 cases, thoracoplasty was performed with- 
out a death. When a stenosis of a major brooehm occluded one-hali the lumen, 
a thoracoplasty was indicated. Stenoses of small bronchi might be treated with 
pneumothorax. Pesults of local treatment with silver nitrate were disappointing. 

The second morning session was opened by J. iile.vander, Ann Arbor, Mich., who 
presented a paper on the effect of thoracoplasty upon pulmonary tuberculosis com- 
plicated by stenotic tuberculous bronchitis. His experience over a period of seven 
years led him to the conclusion that thoracoplasty in selected cases was a safe 
and worth-while procedure. Thoracoplasty was indicated if the patient could ex- 
pectorate, but if expectoration was impossible, pneumonectomy was indicated if 
there were signs of to.xemia. 

In discussing the three papers on bronchial stenosis, E. J. O’Brien, Detroit, 
said that every patient should probably be bronehoscoped before attempting 
pneumothorax as well as before thoracoplasty. Caveruostomy was suggested as 
a possible substitute for pneumonectomy in selected cases with stenosis. J. D. 
Steele, Itilwaukee, Wis., pointed out that all stenoses were not permanent and 
advised caution in subjecting such patients to major surgical procedures. E. E. 
Butler, Ithaca, N. Y., diseus.‘-ed the indications for performing a piieunionoetoniy 
for pulmonary tuberculosis. In his opinion, thoracoplasty should abvays precede 
pnoumoneetomy in order to prevent an overdiiatation of the remaining lung. Pneu- 
monectomy could bo done provided all the active tuberculous infection would be 
removed; if the pleura was not bivolved; if the bronchi was norma] at the point 
of transection and if the opposite lung wns able to carry on the entire rcspiratory 
f unction. E. S. Dolley, Los Angeles, felt that tliorai'opla.'-ty should always precede 
pneumonectomy for tuberculosis since it might improee the patient’s condition 
to such an extent that pneumonectomy would not be necessary. In. any event, the 
pleural spaee would be much .smaller if a tuberculous empyema developed .after 
excision of the lung, lie rceouiniended that in cases with stenosis if the sputum 
became negative but bronchiectasis remained, the involved pulmonary tissue should 
be excised. 


L. S. Davidson, New York City, reporte<l oii some iiivestig.-itivo procedure-s 
regarding the closure of refractory and re.'idual cuvitics. The residual post-lhora- 
copla.sty cavity uas treated by a two-.-lage operation incluvVmg pncuinonostomv and 
the u.se of a pedicle muscle flap. The large medially located primarv cavity was 
treated by thor.'icoplasiy, tin, Jlotialdi procedure, or a vombinatiou of these two 
proceilures. The large perii-licral cavity wa.s treated by the MonahU tcclmiriue 
follouo.! by cautcruation of the bronchu.-. If large cavities are a-«ciatcd 
bronciinvtasi.s, jmemuectomy or lobeefomv mu.-t W cond-lercd 


with 


\V. L, Rogers, S. j. 
llinr metjjod of dt’.altng 


SWpmaa. atal C. Daniels, S:u, IVaiH-i-.-o, <i 
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culosis. Ill a series of oO cases, the results were best iu those in wliicli the disease 
ill the contralateral lung showed evidence of active retrogression, 

A. H. Aufses, Now York City, reported the results in 00 consecutive thora- 
coplasties for pulmonary tuberculosis. Seventy per cent of the patients had their 
di.seasc arrested, 10 per cent did not. Six and tive-tenths per cent of the patients 
died shortly after ojjeration; -1.5 per cent of the patients died from causes unas- 
sociated with the immediate effects of the operation. 

C. P. Bailey, Philadelphia, presented a preliminary report on 10 patients with 
extraperiostcal pneumonolysis for pulmonary tuberculosis. The space created is 
maintained by refills of air. Up to ten ribs may be stripped at one time. The 
denuded ribs are left in place and paradoxical breathing does not occur. 


The preceding papers were discussed together. J. Alexander, Ann Arbor, 
Mich., felt that it was difficult to evaluate the factors making for good results 
in thoracoplasty. The value of routinely doing an apicolysis was thought to 
bo very doubtful, and that it probably should be performed only in a minority 
of cases. He recommended that only two ribs be removed at one time to 
achieve the lowest possible mortality. H. Lilienthal, New Yoi'k City, stated 
that the cough reflex should not be abolished either during or after thora- 
coplasty. F. S. Johns, Eichmond, Va., felt that the anesthetist was much more 
important than the anesthesia in the results obtained after thoracoplasty; H. E- 
Decker, Pittsburgh, Pa., pointed out that the serious wound infections came from , 
the pleura and were putrid in character. He felt that the blocking of the afferent 
nerve impulses by novocain was the most important factor in reducing the shock 
associated with thoracoplastj’. E. H. Overholt, Brookline, Mass., stated that he 
had followed 107 patients who had undergone thoracoplasty over jive years ago, 
and found 95 per cent of them to be alive. L. E. Davidson, New York City, 
advised that thoracoplasty not be done unless the disease in the contralateral 
lung is under control. He felt that empyemas in which a mixed infection was 
present should be treated by drainage and unrooting. Thoracoplasty was not 
advisable for these cases. The Semb apicolysis was dangerous if employed 
routinely. A. D. Crecca, Newark, N. J., pointed out that Bailey’s operation 
would avoid scoliosis in children and that it might also be valuable in patients 
with acute pulmonary processes. E. H. Meade, Jr., Philadelphia, reported 6 
eases operated upon by a modification of Bailey’s operation. 


The first afternoon session was opened by M. Pinner, G. Leiner, and W. A. 
Zavod New York City, who reported their studies of the functional capacity 
of re-expanded lungs following pneumothorax and of lungs following thoracoplasty 
as determined by bronchospirography. One hundred seventy tests were performed 
on 130 patients. It was conclusively demonstrated that roentgenography is not 
ble to differentiate those patients who have considerable disturbance of their respira- 
Lry physiology due to pleural pathology. 


xr Whitehead, Detroit, described a new technique for the study of respira- 
i lo'^y by bronchospirometry. An open circuit with air and low oxygen 
Y jQj.gd. Tills method gives more complete information. Lungs 

;tures at ^iii by having one respire low oxygen mixtures and the 

cr^Jr or high oxygen mixtures. 

d W. Woodruff, Saranac Lake, N. Y., discussed the results of 
B-. W. Wrigh^ onchospirometiy. Their chief concern was determining the results 
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The second afternoon session was started rrith the presidential address by 
F. B. Gurd, ytontreal, Quebec. The president outlined a method of treating 
pulmonary abscesses with a salve composed of bismuth, iodoform, and petrolatum 
applied locally and with packing after the abscess has first been opened by opera- 
tion. A technique by which muscle flaps could be used to fill an abscess cavity 
was also delineated. 

E. E. Shaw, Dallas, Tex., presented an excellent paper on the treatment of 
pulmonary abscess. Early surgical drainage was advocated. Figures were pre- 
sented which showed definitely that surgery could accomplish more cures with a 
lower mortality tlian conservative treatment. Twenty patients with single pulmonary 
abscesses treated surgically had a mortality of 5 per cent. Thirteen patients with 
multiple abscesses had a 30 per cent mortality. Eight patients treated within 
.six weeks after abscess developed had no mortality. Xine patients treated between 
six weeks and six montlis after abscess developed had an 11 per cent mortality. Six- 
teen patients treated six months or longer after abscess developed had a 25 per 
cent mortality. 

In the discussion of Shaw’.s paper, H. Neuhof, Now York City, reported 127 
cases of acute lung abscess treated surgically with only 1 deaths. The injection 
of methylene blue and lipiodol in the intercostal space combined with roentgen 
examinations was recommended as of great aid in locating flie optimum point for 
drainage. 

A. 0. Singleton, Galveston, Tex., pre.sentcd a study of 200 consecutive cases 
of thoracic empyema. Six of 170 cases of empyema treated primarily at the au- 
thor’s clinic resulted in chronic empyema. Twenty -eight chronic empyemas were 
treated. Twenty-three were cured; o died. 

In the discussion of Singleton’s paper, F. B. Gurd, Montreal, Quebec, pointed 
out that the widespread u.-c of the sulfonamides in tlio treatment of punemonia 
was now a factor in deliiying drainage of empyemas since these drugs frequently 
cause an acute empyema to he asymptomatic. 

A. L. Lockwood, Toronto, Ontario, discussed surgery of the chest in war. 
The need of chest and abdominal armor for soldiers in tiie present war was empha- 
sired. 

At the annual dinner at the Koyal York Hotel, some 200 members and guests 
of the As.-ociation enjoyed a very British and very delicious banquet. Toasts 
wore drunk to the King and to the President. Wing Commander G. E. Hall, 
ll.f ..\.E., at the eoneinsion of the banquet, related some of the many new problems 
now being faced by phvsicitiii.-. in the Uoyal Cantidinn Air Force, 

The la.st morning se-sion was opened l)y A, L. Brown and W. Brock, San Eran- 
ciM-o, who dc.-cribed a method of treatment of large pulmonary air cysts (btvlloou 
cyst.'-) by an endocutaneuus flap. In brief, the method recommended was drain- 
age for -evcral months by means of an Eloe.-.-er type of .-kin fiap. Koentgeno-'rams 
of -or oral .-uceessfnlly treate<l cases were shown. 

In the di-eu-sion of this paper, C. Haight, Ann Arbor, Mich., pointed out 
that a large number of the-u balloou-type cysts were associated with an 
anomalous artery coming from or through the diaphragm and entering the lower 
lobe of the lung. B. Douglass, Ithaea, X. Y.. and E. W. Davis. Washington, D. C. 
foinirtiuMi ihi-i •(tiiteiiifiit of ^ ’ 
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cavity \\us lust studied liy iiieasuiiiiy the intiaca\itaiy pressuic. In suitable cases, 
the cavity ^va3 opened and a skin tiap employed to obliterate it. 

The second moining session was opened by A. Ochsner and M. E. DeBakey, 
New Oilcans, i\lio discussed the surgical significance of metastasis in primary car- 
cinoma of the lung. Two cases with metastascs in the axillary lymph nodes were 
icpoited. It was felt that these metastases occuiicd through lymphatics running 
acioss the pleuial space in adhesions. The possibility of metastases in the lymph 
nodes of the opposite side of the mediastinum was also pointed out. 

H. Neuhof, C. B. Babin, and I. A. Sarot, New York City, discussed a topo- 
giapluc classification of cancel of the lung with special reference to the surgical 
implications of the ciicumscribed variety. These authors felt that tumors which 
by locntgen o-vaminatioii appealed to be ciicumsciibed were much more apt to be 
opeiable for lymph node involvement was much less frequent in this type of tumor. 


A. W. Harrington, Rochester, IMuin., related his expeiience in the performance 
of pneumonectomy for carcinoma of the lung. All of his cases are drained in 
the fourth intercostal space in the midaxillarj- line. The suigical mortality was 
33^ per cent. The mortality of exploration was 15 per cent. 


N. S. Shenstone, Toronto, Ontario, piesented the results of total pneumonec- 
tomy for carcinoma, bionchial adenoma, and inflammatory conditions of the lung 
performed at the Toronto Geneial Hospital duiing the past four years. In addition, 
a description of the method used in dealing with the hilar structures was given. 

The four preceding papers weic discussed as a unit. 


E. A. Graham, St. Louis, reported a 25 per cent operative mortalitj’- in a series 
of 20 total pneumonectomies for caicmoma of the lung peifoimed since Jan. 1, 
1940. He felt that a diagnosis could be made in 75 per cent of the cases when 
the carcinoma was still opeiable. As he saw it, the chief problem at the present 
time was in educatmg the public to consult physicians eaily. The contraindications 
to total pneumonectomy weie as follows: (1) presence of distant metastases; (2) the 
presence of pleural fluid; (3) involvement of the bi.achial plexus, the phrenic nerve, 
or the recurrent laiyngeal neive; (4) fixation of the lulus as deteiniined by bronchos- 
copy. W. F. Eienhofif, Jr., Baltimore, leported a 25 per cent operative mortality 
in a series of 55 patients upon whom total pneumonectomy was performed for 
carcinoma of the lungs. Twenty five pei cent of these patients had had the bronchus 
open up after pneumonectomy. This expeiience occasioned an experimental study 
on don's to deteiniine how a bronchus closed with sutures healed. In 50 dogs, the 
cut end of the bronchus was coveied ovei with a flap of pleura and none reopened. 
R H Overholt, Brookline, Slass , stated that his operative mortality for total piieu 
monectouiy for carcinoma of the lung was now 25 per cent. E. D. Churchill, Bos 
stated that m Ins opinion a histologic classification of lung caicinomas would 
bT'mucIi more valuable than a topogiaplncal classification. 

. gession was completed by a paper lead by C. W. Lester, A. Coumand, 

^ Eiley New' Yoik City, concerning the effect of pneumonectomy in 
and K. • ,onary function. Four children under 14 jears of age were studied 
children on p aae half to three and one half jears after pneumonectomy. The 
lor from sUowed no evulence of emphyssenia. The lun^; \oIiime juhI 


ninff lung slio\>ea nu 

single remainuig ^ capacity however, were above nonn.il for one 
...svimuni breathiUo • V ’ 


lung. Gas e\ 


maxininni ;apaged 

change was eflicieut') 
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Philadelphia. It bhoun that faiil.\ large transfusiona ^^ouW produce pulmonaiy 
congestion and edema in cats after lobectomy, but that transfuMOiis of equal size 
produced no ill effects in normal cats This effect iias thought to be due to the 
sudden decrease in the lasciilai- bed of the pulmonary tissue. 

The Boss Lambert Prize Essaj was read by C. A. Moyer, Boston. The title 
of this paper was Major Changes m the Fundamental Eelationships of the Respira- 
tory Drive Mechanisms During Evipal and Pentothal Anesthesia, "With Special 
Consideration of Possible Applications to Transpleural Surgery. Coniiueing evi 
dence was brought forward to show that the respiratorj metbani'-m reacted m quite 
a different manner to \anous stimuli when under the intiueine of enpal or pentothal 
anesthesia. 

The last paper of the meeting was presented b\ J. E. Paine, Minneapolis, 
Minn., on obseriations of tlic effects of the prolonged administration of higli oxygen 
concentrations to dogs. It was shown that the respiiation of an oxygen concentr.a- 
tion of o\er SO per cent produced in time clianges in the lungs, liver, and spleen 
of dogs; death might ensue. It was also shown th.it tlie respiration of a high 
oxygen concentration altered both the qu.ibty' and quantity of the gas contained 
m tlie intestinal tract. 

Thirteen additional papers uere read by title. 


RiiVIEW 01 -' THE MEETIXCi OF THE AilERICAX 
ORTirOPEDIC ASSOCIATION, FIFTY-FIFTH 
ANNEAL SESSION, JUNE 9-12, 1941. 

TORONTO, ONTARIO 
FliXXK J. Cox, it.iX, Ni.W OKI.ElNb, i.,\ 

(From llu J>i j/iirtmeiit of Furytry, Fthool o; Uit/iciiic, Tuhtnc CniuritlyJ 

T ub I'itty I'ltth \iiiiua! .Se-sion ot (he .Vineric.in Ur!hop(.die Assocnitioii w.is 
held 111 Toronto, Out irio, extending thiough tour d ly s, trom .luao It to .luiic Id. 
■Vn exlremely interesting series ot iliiiu.il demoii-ttatioiis were presented by the 
lot ill group o) siirgeon- 

riie lirst il i\ of the iiieeting w is ilnotid .ilniost entirely to ehnii..tl reports 
irid i ise present ilioii-. A. D. McLacUlin, roronto, iire-ented ,i senes ot t'S c.isos 
ot siiiipie bone list, whieh lutd bieii ire.itod ,ind Jollowed up o\er i period ot 
seier.il ye irs He le i mph isi/id the t.iet th.it the bist results were to be obt.iineil 
111 i<!i’i|ii ite inretlige .ind the implant itmii ot hone iliips, or ,i grift lollouing 
siirgeri 


F. R. Wilkinson, Loronto, prisentid a serus ot '1 i isis ot leute In m.iiogeiious 
osti omielitis tn itid ibiriiig the past two yiars In '.O i i-os ,i st iplu locoecus 
ii.is reioiifid, in ,l a stri ptoi on ijs, md in 1 ,in inllncn/t hitillns. The general 
pi in ot In itnieni .ilTonicd iiiiniobili/ ition, tn itnieiit ot the Ibiiii b.il ini e, blood 
(r.insfiisiiiii.,, .111,1 suit idii 1 role gmn ornlK .is i gem r.il rule, but intr ii eiioiislv 
II h, n indii itid in sugu i, nt nniouuts to ru-e the idood leiel to .ijijiroxim iteli .> 
ing pir lint .\s -i„„i is Hi,, g. n, r il loiniumn ol the pilunt wouhi pi mat, imi 
on... Ilie .liigno-is » ,s m i,J,. tint pns u ,s pn-mt in the sul.pmostt il -p ne. 

dmd.il upon Uus ,ouI.l or.hnuili he done within twe'itj four 
lU'.li.il for lulill, ill u. \i,_ ii-,_ ji(] 
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H. B. Stephens, Sun rrancisco, reviewed 19 cases of patients wath cancer of 
tlie thoracic esopliagus and tlio upper end of tlie stoniacli wJio were subjected to 
surgical exploration. Of those patients, all operated upon since 1937, 4 are still 
alive. In only 1 of the 1 surviving is life expectancy good. It was recommended 
that if necessary for removal of a cancer of the esophagus, the aorta could be 
mobilized and reti acted by the ligation of several pairs of intercostal arteries 

D. B. Phemister, Cliicago, desciibcd Ins experiences in the lesection of the 
esophagus for caiLiiioma in S cases. He reconiinended that in such cases no pre- 
liininary gasti ostomy be performed That portion of the esophagus remaining at 
tached to the stomach, it brought out to the skin, serves the purpose of the gas 
trostonij' much better. 


H. W. Wookey, Toronto, Ont.nio, discussed his technique for dealing with 
malignant lesions of the ccivic.il iioition of the esophagus. In seveial instances, 
ho has been able to reinoio the growth and reconstruct the esophagus with a skin 
Hap from the neck. 


B. N. Gaiter, O. A. Abbott, and C. K. Hanlon, CiiiLinmiti, Ohio, described the re 
suits of their expei imeiital study of tubes made from the greater cunature of the 
stomach. Two senes of dogs were used. In one the tube was brought through the 
thoracio cavity In the other, the tube w.as placed without the thoiax beneath the 
skin. The latter proceduie seemed the more satisfactory. 


During the discussion of the four pieceding papers, E. D. Churchill, Boston, 
stated that patients, foi whom resection of the esophagus was contemplated, should 
all be bronclioseoped fiist to determine whether oi not the left main bronchus was 
uninvolved by the carcinoma He favored the appioacli through the left side of 
the chest with mobilization of the aicli of the aorta. Othei discussers brought out 
the fact that skin tubes for i econstructiou of a removed esophagus could be made 
to unite satisfactorily with the mucous membrane of the esophagus but not with 
tliat of the stomach 


The first paper of the last session of the meeting was by J. Tannenberg and 
M. Pinner, New York City. On the basis of experimental and clinical observa- 
tions, these authors drew the conclusion that bi onchiectasis was due to incomplete 
bronchial obstruction As a eoiollary, therefore, atelectasis had little or no part in 
its etiology. 


F. Albritten, J B Plick, and J. H Gibbon, Jr, Philadelphia, discussed the use 
of sulfanilamide in lesectiou of the lung The concentration of sulfanilamide m 
the pleural fluid was found to parallel closely that in the blood. lifiien used by 
mouth or locally, sulfanilamide was found to delay the onset and deciease the 
seierity of the infection following lobectomy or pneumonectomy 


In the discussion of this paper, B. A. Graham, St. Louis, said th.it, in his ox 
the use of sulfanilamide had been ineffectual in influencing the onset 
perience, infection following lobectomy or pneumonectomy. E. H. Mead, 

or course put the fact that some men luid insufflated sulf.milamido into 

phil.ade>P lobectomy or pncunioncctomj . He also reported measurements 
the broBcm p present m the bronihial secretions of patients recening 

of the mouth °These sliowed that only a snutll proportion of the drug 

S^TxSed^n^lus manner. 


An exponi 


f d • of the effect on the c.irdiorespiratory function of blood 
mental stu y reported by J. H. Gibbon. Jr, 


fallowing lobectomj 

transfusion following 
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imately ten days are allowed during which the patient becomes adjusted to the 
position and correction is gradually increased. During this time the patient is 
suspended daily for gradually increasing periods of time, until it is felt that the 
position can be maintained for a period of time sufficient to allow the application 
of a plaster cast. The cast is applied incorporating the head and the lower ex- 
tremity on the convex side of the curve. Sponge rubber is used for padding. Le 
Meaurier feels that the method shortens the period of hospitalization decidedly 
and prevents complications such as pressure areas, etc., so frequently encountered 
with the use of the Kisser jacket. In certain instances the method may not obtain 
quite as complete correction as might be obtained with a Kisser jacket, but he 
claims that any difference that might be noted between the amount of correction 
obtained by his method and that obtained with the use of a Kisser jacket was 
negligible. 

The possibility of developing a brachial palsy, because of the acute fle.xion of 
the neck, should be carefully watched for, since several instances of tliis compli- 
cation wore reported, none of which however proved serious. 

D. E. Eohertson, Toronto, showed a small .series of patients with Raynaud ’s 
disease and thromboangiitis obliterans treated b^- lumbar sympathectomy, all of 
whom had definite improvement in their peripheral circulatory symptoms following 
the procedure. He advocated the procedure as a very satisfactory method of 
treatment for the severe and annoying symptoms .so frequently encountered in the 
caro of these particular diseases. 


The following papers were presented on Tuesday, June 10: 

B. I. Harris, Toronto, discussed the etiology and pathology of fat embolism, 
presenting several case records which he had observed personally and several 
which ho had collected from colleagues practieiug in the local area. The impor- 
tance of this disease entity as related to the field of orthopedic surgery was em- 
phasized. It was pointed out that three common sites for the appearance of fat 
emboU were the lung, brain, and the kidney respectively. The possibility of dis- 
covering fat particles in the sputum was considered a valuable diagnostic aid. 
The presence of a fat droplet in any tissue was shown to be followed by the 
appearance of local hemorrhagic infiltration of the area. It was felt that this 
fact accounted for tlie marked drop in red blood cells and hetnoglobin fre- 
quently observed in the hitter stages of the disease. It also explained the .svmp- 
toms of pulmonary eonge.stiou so frequently observed. Xo specific treatment is 
known, symptomatic therapy only being available. 

Harris also showed a novel modification used for removal of plasters. When the 
pla.ster i.s applied, a bro:id wire ribbon is incorporated in the phister. When the 
time for removal of the cart arrives, one end of the wire ribbon is li.wd, and an 
instrument resembling an over.-ize e:ui opener fitted to the oppo.site end. Bv 
simply winding the one end of the ribbon, the ea.st is eileeiively cut through with 
the mininnil amount of effort, and perfect comfort to the patient. 

H. S. Coulthard, Toronto, discussed various problems arising in the care of 
tubercnlOhis of bone and joints, emphasizing the value of aspiration in the jires- 
ence of n suspected paravertebral absees.*. He felt that the aspiration was valu- 
aide not only from :i diagiio.stie viewpoint, but also thorapeutieallv since in sev- 
eral ca.ses quoted he fell that paraplegia had been alTeetively avoi.led and the 
uvH’U for a oo>totran?'Vor.'coiouiy jio>tpone<l. 


Gordon M. Dale, Toronto, pre.-ented a moat interesting demon.at ration of end- 
hearing stumps. The advantnges of a .Symes :imputation in tlie loner e.vtremitv 
was .hacns.-e.l at length, and a large number of ea.ses .-hown to sub.staiitiate his 
elaim.s. fhe patients all u.ilhed well and seemed perfectly .sati.sficd with their 
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hours. At operutioii the poriostoum was incised and two drill holes made through 
the outer corte.\: of bone. The limb was again immobilized, and drug therapy and 
general constitutional moa.sures continued for four weeks postoperatively. Using 
this general regime a mortality of 5.88 per cent was obtained, as compared with 
one of 20 per cent previously shown by a study of hospital records. Several ad- 
ditional advantages of the method were mentioned: (1) There seemed to be a 
definite improvement in the clinical course. (2) Less bone destruction was shown. 
(3) No secondary focus developed in any case. 

S. A. Thomson, Toronto, discussed the treatment of clubfeet by the use of 
Denis-Browne splints, presenting a ver 3 ' interesting series of infants so treated. 
The method obviously was not advocated for patients beyond the infant age group. 
Tlie method itself was clearly presented and demonstrated with infants under 
active treatment. Surprisingly good correction was obtained. Familiarity with 
the method would seem essential. The application of the splint at flrst glance 
might seem simple; still most careful attention to detail is necessary to obtain 
progressive and complete correction of the deformity. In using the splints cor- 
rection of the varus deformity of the forefoot is obtained first, before any attempt 
is made to correct the varus of the heel. If the crossbar is too wide, the develop- 
ment of a knock-knee deformity ma 3 ’’ ensue. A “boot splint’’ is substituted as 
soon as complete correction is obtained, and this same splint used as a “night 
splint’’ for several months. 


W. S. Keith, Toronto, presented a series of 6 cases with an ununited fracture 
of the odontoid process in which successful fusion had been obtained. Bone grafts 
from the ilium were used, shaped carefullj' to lit the defect between the atlas and 
axis, and these grafts fixed into position and held securely bj' means of a wire 
loop passed beneath the laminae of either vertebral body. The method obviates 
the necessitj' of fusion to the occiput, and thus minimizes the postoperative dis- 
ability. 


A. W. Farmer, Toronto, showed a large series of traumatic injuries in which 
skin grafting had been necessarj-. The methods used were more or less standard, 
the results exceptionally good. Farmer presented one particularly interesting case, 
that of a 3 'oungster, who had had an almost complete avulsion of a large flap of 
skin from the leg as a result of an automobile accident. Instead of attempting 
to resuture the flap back into position, the author completelj^ removed the skin, 
then carefullj' prepared it bj' removal of all fattj- and subcutaneous tissue, and 
used it as a Wolff graft to cover the defect. The various steps of the procedure 
were shown in a motion picture film. The end result was shown and was evident 
proof of the value of the procedure. 


J L. McDonald, Toronto, discussed the possibility of .stimulating increased 
•owth in the lower extremity produced b.v sjuiipathectomy. Some 75 cases 
presenting postpoliomyelitic paralysis of a single lower extremity had been 
^ erated upon and a lumbar sj'mpathectonn- done. An adequate follow-up was 
M 1 1 on -16 cases. It was his opinion that slight gain in the differential leg 
aval a ^h^^^ been obtained in 21 of these cases. The operation was justified and 
leiig ‘ upon this ground, but also because of the marked improvement 

•n urvascular supply to the extremity. 

Mesurier Toronto, demonstrated a new method for obtaining eorrec- 
A. B. Be curve in a case of idiopathic scoliosi.s, preparatory to spine 

tion of the priniaij ^^gpunded in a fishnet hammock from two overhead pulleys, 

fusion. The patien concave portion of the curve directed toward 

being placed on t le si^_^ (uuard obtaining correction is gained by suspension of 
the floor. Additiona of the curve to overhead pulleys also. Appro.x- 

the arm and leg on the com - 
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lesion, and thus outline a syndrome which ivould clinically enable an accurate 
diagnosis to be made. The syndrome as outlined showed (J) an area of para- 
thesia over the radial side of the forearm and thumb, (2) weakness of the triceps 
muscle, and (3) loss of the triceps reflex. Using this syndrome as a basis for 
diagnosis, several instances of isolated seventh nerve pressure have been discov- 
ered clinically, all of which have been proved subsequently by other means. 

W. E. Gallie, Toronto, demonstrated a new technique for obtaining fusion of 
the subastragalar joint, applicable chiefly to cases which presented arthritic 
changes subsequent to old fractures of the os caleis. An incision is made lateral 
to the tendo achilles, and the subastragalar joint accurately located. A plug of 
bone is then removed, at least one inch in length, so as to be sure that the bone 
has been removed at least as far forward as the sinus tarsi. Two cortical bone 
grafts are removed from the adjacent tibia, and these are driven into the defect 
created in the subastragalar joint, with the cancellous portions of the two grafts 
facing together. Several cases were presented, all of which showed satisfactory 
bony union of the subastragalar joint with the use of this method. 

An end-result study of the treatment of idiopathic scoliosis was presented by 
the American Orthopedic Research Committee consisting of Joseph E. Barr, Boston, 
Paul C. Colonna, Oklahoma City, Okla.; A. E. Shands, Jr. (Chairman), Wilmington, 
Del., and Lawrence Noall, Xew York City (Research Fellow of the Kemonrs 
Foundation). Over a year’s period of time, 16 clinics were visited in various parts 
of the country, and a total of 425 cases studied. Whenever possible personal end- 
result e.raniinations were made, and when this was impossible a careful study of 
the end result x-rays was substituted. A most interesting statistical review of 
the conclusions was presented, the details of which are to be published at an early 
date. In brief it was concluded that operative fusion following correction in some 
typo of plaster apparatus gave the best results, as determined by the amount of 
persistent correction maintained. The amount of correction maintained where 
spine fusion vv'as not resorted to was negligible. A rather high percentage of 
pseudoarthroses were reported in the group where spine fusion was done, 2S per 
coat for all types. This ligure seems deflnitely higher than it should be. The 
report should provoke a good deal of interest in, and possibly improve the treat- 
niL'iit of, idiopathic scoliosis throughout the country. 


LeEoy C. Abbott, San Frauci.sco, discussed the treatment of valgus deformitv 
of the knee resulting from injury of the lower femoral epiphysis. He advocates 
a low oblique osteotomy through the femur so as to obtain an actual increase in 
length to compensate for the shortening due to failure of growth at the epiphysis, 
while at tlio same time affecting an accurate realignment of the femoral eoadvles 
witii the tibia! plateau. The defect created in the femur is Jillcd with a wedge of 
bone removed from the ilium. A case slyswing an extreme degree of deformitv 
was presented. Osteotomies of the femur and tibia both were necessary to obtain 
complete correction. ,Vn excellent result was obtained. 


A Statistical survey of amputations done for arterial disease at the irtiyo Ciinie 
was presented l>y H. B. JIacey, Rochester, ilinn. Two hundred and forty cases 
in which 261 primarj- amputations bad been done were included in the studv. A 
mortality of p per cent was reported. Gas gangrene seemed a dangerous compli- 
cation encountered more frequently when an open lesion was present preopera- 
tively. Macey believed that .an amputation below the knee w.as preferable when 
possible in the presence of thromboangiitis obliterans, and Buerger’s disease, even 
though reamputatioa might prove necessary at some later date. In the presence 
of arterial occlusion, or severe arteriosclerosis with or without diabetes a hjoh 
amputation should be done preferably. When a high amputation wm- done, wher- 
ever posMldo tile site chosen was through the distal third of the femur. The 
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artificial limbs. Tlio patient.s were all males, consequently none objected to the 
thickening’ and bulky appearance of the prosthesis just above the ankle joint, 
'ifiio author expressed a distinct antipathy for amputations at the level of mid- 
tibia, claiming that none of these stumps could stand up over a period of years, 
that all would eventually develop either recurrent skin infection or changes in 
the skin sufficiently severe to require reamputation at a later date. If a Symes 
amputation could not bo done. Dale preferred to do a Gritti-Stokes type of ampu- 
tation at the knee. A number of cases of this variety of amputation stump were 
also demonstrated. Ho e.xprosscd the belief that these two procedures afforded 
the ideal typo of stump for an individual who would bo forced to continue weight- 
bearing for long periods of time as part of his daily occupation. All of the pa- 
tients presented were either ex-soldiers or pensioners. 


G. D. W. Murray, Toronto, demonstrated and discussed the various modifications 
which he has recently developed for the treatment of fracture of the calvicle, 
Colic's fracture, and nonunion of the carpal scaphoid. In treating fractures of 
the clavicle in the adult, ilurray uses internal fixation by means of a thin Kirschner 
wire passed through a drill hole on the medial end of the clavicle, and threaded 
through the medullar}' cavity of the bone, so as to thread the various fragments 
upon the wire, and thus obtain anatomical reduction and accurate fixation. The 
pin is loft in place in most instances, following union. More satisfactory results 
are claimed, in addition to the elimination of the need for external fixation of 
any form. 

Dor acromioclavicular dislocations a similar procedure is, advocated. The clavicle 
is reduced manually, and the reduction maintained, by the insertion of two Kirschner 
■udres, passed transversely through the acromion and into the acromial tip of the 
clavicle. The ends of the wires are left protruding through the skin, and these 
are removed at the end of five or six weeks. 

The more severe types of Colie’s fracture, those in which sufficient comminu- 
tion is present to prevent adequate maintenance of reduction without traction, are 
treated by means of three wires passed vertically thi-ough the radius, the first 
placed in. the large distal fragment or portion of this fragment, and the two re- 
maining wires through the shaft of the radius proximal to the fracture site. The 
two wires pro.ximally are used as a fixed point against which traction is exerted. An 
ingenious turnbuckle is applied on both the dorsal and volar aspects of the fore- 
arm, and by adjustment of these turnbuckles reduction effected. 

End results studies on 57 cases of delat ed and nonunion of the carpal scaphoid 
were presented. All had been treated by means of a tibial bone graft inserted 
through a quarter-inch drill hole in the body of the scaphoid. Tlie presence of 
definite arthritic changes in the wrist joint was considered a contraindication to the 
operation. Union was obtained with the use of this technique in all but one case. 


r I. Lewis, Toronto, discussed the treatnieiit of nonunion of fracture neck of 
the femur by means of a Smith-Petersen nail supplemented by a tibial bone graft. 
He presented a study of 26 cases so treated in which no single operative mortality 
had occurred. Seduction was obtained preoperatively by means of skeletal trac- 
ts then the Smith-Petersen nail was inserted .so as to occupy the inferior por- 
f the neck, and a tibial bone graft passed through a drill hole made in the 
tion 0 Hon 'of the neck. External fixation was aijplied for eight to twelve 
superior p previous nailing had been done, or (2) where an extremely 

weeks ^ ^vas present. The procedure was felt by Lewis to be the 

short head ^ o simple and the results most satisfactory. 

operation of choice since It VI 

. fPoronto presented the clinical findings in a patient in whom 
K. G- McKenzi , ggye„th cervical nerve was present. It was thus possible 
an isolated lesion o ^ ggnsorv and motor changes resulting from this 

to determine accurately the t. p 
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developed. Oscar Miller, Charlotte, X. C., in his discu-ssion re-enipbasized the need 
for accurate anatoEnical reduetioi!, and again stressed the fact that calcaneotibial 
fusion gave the best results Tviteu the astragalus had to be removed, 

Philip D. Wilson, New York City, presented a paper on the treatment of com- 
pmiad fiaetnres. The paper actually presented his experiences in the treatment 
of a series of some 74 compound fractures treated under his direction at the 
American Hospital in Britain, Basingstoke, England, during the past year. The 
vast number of these patients had been injured and had received their primary 
treatment elsewhere, arriving at the Bark Brewett Hospital days or weeks later. 
In the definitive treatment of the various fractures, the “closed plaster” tech- 
nique was employed by preference. In the lower extremity' various forms of pin 
fixatiou were used. For fractures of the femur, the Boger-Anderson and tlie 
Haj'nes methods of multiple pin fixation were used. This was considered of 
inestimable value since it enabled the surgeon to maintain reduction and fixation 
of the fracture, while at the same time the plaster case could be removed and the 
wound dressed at will without disturbing the fracture site in the least. The Soger- 
Anderson method of fixation u'ith four half pins was performed in treatment of 
comminuted fractures of the tibia and fibula for the same reasons. Dae to dilfi- 
culties encountered during the black-out it was pointed out that primary splinting 
at the site of fracture was in most instances found impractical. The need for 
properly trained personnel at the point where primary treatment was instituted 
was stressed. Wilson felt that very definite improvement had been noted in the 
character of the wounds doe to the use of sulfauiiamide and sulfathiazole. 


During the afternoon session, the discussions were mainly formed on war sub- 
jcet.s. Colonel George Nasmith, Toronto, told of hi.s personal e.xperiences in and 
around London while engaged in the organization and directing the activities of 
the Canadian Bed Cro.s.s units in England. 


Philip D. Wilson, Now York City, dc.scribed the activities and the problems 
encountered in the organization and operation of the American Hospital in 
Britain, also devoting a good hit of time to hi.s personal observations of the types 
and variety of wounds encountered in modern warfare and the .special prohiera.s 
presented by them. He reported that the American Hospital in Britain has been 
asked to e.vpand its facilities and i.s to take charge of a new tiOO bed unit in 
Oxford shortly, 

James Boss Millar, Ottawa, Ontario, discu.s.sed his experiences witli e.v-.soldiers 
since the la.-t war, stressing particularly the pfobleni.s presented bv tho.se men 
upon whom amputation.s had Ijcen necessary. He urged that the mcmher.s of the 
A-s-sociatioji aid in an effort to afford a wore wide-spread di.ssemiriatiaii of knowl- 
edge of the probleni.s of the limb maker in fitting a pro.sthesis, fueling that witli 
thi.s knowledge more adequate stump.s might be afforded at the time of the initial 
amputation. 


colonel Nornma Kirk. Wa.shington, 1). C., George E. Bennett. Baltimore, and 
Guy W. Leadbettor, \\a.--liingtoii, D. C,, diseu^.-ed the varion.s steps which have been 
taken to organize and j.rovide adequate orthopedic care in the Cnited -State.s Army. 


Professor C. H. Best, Joronlo, de.si'rihe<! the Canadian Project for the Preiiart- 
iion of Dried Human .'Serum for Milit-ary or Emergeuev I’.-e. Hloo.l from 
donor.s ts colloeled iu several ontlyiug .areas-, brought to the central station in 
•loronto, ami tin-re i.s prepared and dried and kept in storage. The plan is oper- 
ate.! ont.teiy as a voluntary enteipri.ve, the .services of various type.s of pcr.sonnel 
needed be.ng so sOi-phed. It hoped that the idea may gra.iuaiiv expand eisc 
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iportunce of caro to avoid sectioning through muscle belly in performing the 
nputation was emphasized by Colonel Norman Kirk, Washington, D. C., in the dis* 
ission, since it was felt that this might decrease the chance for the development 
. gas infection. The advantages of a Gritti-Stokes type of amputation in this 
stance were again emphasized by G. M. Dale, Toronto, in the discussion. 

The Wednesday, June 11, session included the following: 

Halford Hallock, Now lork City, presented a statistical survey of the end 
suits obtained following surgical stabilization of paralytic dislocated hips. The 
udy was made on a group of cases so treated at the New York Orthopedic Hos- 
tal. A number of shelf operations were done, according to various techniques, 
it in general no improvement was noted in the limp, since the previously existent 
.ralysis prevented stability from developing. The best results were obtained 
here hip fusion was resorted to. Where hip fusion is done, good stability at the 
lee is essential, though it is not considered absolutely essential that quadriceps 
'Wer be present. In the absence of adequate strength in the quadriceps group, 
e ankle and foot must be stabilized in slight equinus position. Hallock coll- 
ided from his study that fusion should be advocated more frequently than the 
retofore frequentl 3 ’’ used conservative measures. 

Hospital treatment of chronic rheumatism was discussed by Robert B. Osgood, 
ston. He stressed the widespread prevalence of rheumatic diseases and urged 
it adequate hospital facilities be made available for their treatment. Osgood 
t that special hospitals should be created and endowed for the study of these 
leases alone, hoping that by this means the medical profession generally could 
led to a better understanding' of tlie disease, and perhaps develop a more rational 
ution to the problems presented in its therapy. A unit of this type is being 
■med in Boston, to be incorporated in the Massachusetts General Hospital Group. 

The treatment of acute osteomyelitis by the sulfathiazole drugs was discussed 
Robert Johnson, Baltimore. In addition to general systemic treatment enough 
ig was administered to raise the blood level to 6 to 0 mg. per cent preoperatively. 
operation in addition to incision of the periosteum a drill hole was made through 
outer cortex of the bone. The decompression of the medullary cavity was 
phasized as being necessary. The drug was continued for three weeks post- 
ratively attempting to maintain the blood level of the drug at I to 6 mg. per 
t. No serious complications resulting from administration of the drug were 
ed. A decrease in the mortality and morbidity of the disease was reported, 
the discussion Rexford E. Diveley, Kansas City, Mo., suggested that the ad- 
listration of sodium sulfathiazole intravenously at times might be of definite 
ue. He also suggested that the drug be placed locally in the wound at time of 
ration. 

Robert Schrock and Herman Johnson, Omaha, Neb., presented a study of l.I 
of fractures and fracture-dislocations of the astragalus. The conclusions 
ched were' (1) Simple fractures of the astragalus should be treated simply bj' 

, -I- ('21 With displacement of the fragments, an open reduction 

\. / . « X •j.» ♦ • *11 • T i.1 

be done (3) When satisfactory reposition is impossible, sur^^ical artliro- 
• ■ necessarj' (I) Astragalectoniy should not be done unless absolutely 

” rpije incidence of a high percentage of aseptic necrosis following frac- 
essary. „ 2 alus was stressed. Where this occurred, astragalectoniy was 

e of the as r ^ fusion of the calcaneus to tho tibia following astragalec- 
quently necessary. results. In the di.scii.ssion Francis M. McKeever, 

ny seemed *0 gi' astragaloscaphoid ligament afforded tho point 

3 Angeles, pom ei suppl.v to the astragalus, and that possibly damage to 

entry for the main for the high percentage of aseptic necrosis that 
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ileveloped. Oscar MUIer, Charlotte, X. C., in his discussion re-emphasized the need 
for accurate anatomical reduction, and again stressed the fact that calcaneotibial 
fusion gave the best results vrhen the astragalus had to be removed. 

PMUp D. Wilson, New York City, presented a paper on the treatment of com- 
pound fractures. The paper actually presented his e.vperiences in the treatment 
of a series of some 7-t compound fractures treated under his direction at the 
American Hospital in Britain, Basingstoke, England, during the past year. The 
vast number of these patients had been injured and had received their primary 
treatment elsewhere, arriving at the Park Prewott Hospital days or weeks later. 
Ill the definitive treatment of the various fractures, the “closed piaster“ tech- 
nique was employed by preference. In the lower e.xtremitj' various forms of pin 
fi.vation were used. For fractures of the femur, the Hoger- Anderson and the 
Kuynes methods of multiple pin fi.vation were used. This was considered of 
inestimable value since it enabled the surgeon to maintain reduction and fixation 
of the fracture, while at the same time the plaster case could be removed and the 
wound dressed at will without disturbing the fracture site in the least. The Koger- 
Anderson method of fixation with four half pirns was performed in treatment of 
comminuted fractures of the tibia and fibula for the same reasons. Due to diffi- 
culties encountered during the black-out it was pointed out that priniarj- splinting 
at the site of fracture was in most instances found impractical. The need for 
properly trained personnel at the point where primary treatment was instituted 
was stressed. Wilson felt tliat very definite improvement had been noted in the 
character of the wounds due to the use of sulfanilamide and sulfathiazole. 


During the afternoon session, the discussions were mainly formed on war sub- 
ject.s. Colonel George Nasmith, Toronto, told of hi» perijonal experiences in nnd 
around London while engaged in the organization uiid directing the activitio.s of 
the Canadian Bed Cro.ss units in England. 

Philip D. Wilson, New York City, dc.scribed the activities and the problems 
encountered in tSie organiziitioii and operation of the American Hospital in 
Britain, also devoting a good bit of time to his per.-.onal observations of the types 
and variety of wounds encountered in modern warfare and the .special problems 
presented by them. He reported that the American Hospital in Britain has been 
asked to expand it.s facilities and is to take charge of a new 600 bed unit in 
Oxford shortly. 

James Boss Millar, Ottawa, Ontario, discussed his experiences witli cx-.soIdiers 
since the last war, stressing pariienhirlv the problems presented by tho.so men 
upon whom aniputntions hnd been nece.ssary. He urged that the members of the 
-issoeiiition aid in an effort to afford a more widespread dissemination of knowl- 
eiige of the problems of the limb maker in filling a prosthe.si.s, feeling that with 
thi.s knowledge more adequate sliimp.s might be afforded at the time of the initial 
amputation. 


Colonel Norman Kirk, Washington, D. C., George E. Bennett, Baltimore, and 
Guy W. Lcadbetter, Washington, D. C., di.-.eH.s.'ed the various .steps which have been 
taken to organize and provide a.le.|Uate orthopedic care in the rnited Suites Army. 


Professor C. H. Best, Toronto, described the Cnnadian Project for the Prepara- 
tion of Dried ilmmin Serum for Military or Emergeaev Use. Blood from 
donors ns collected in .several outlying area.s, brought to the centra! station in 
Toronto, and there i.s prepared and dried and kept in storage. The plan is oper- 
ated entirely .as a voluntary enterprme, the servico.s of various tvpes of pen^onuel 
needed being so supplied. H Is hoped that the idea may gr.adualiv expand ePe- 
obete so as to afford a coti.slunl and adequate .supply of dried sirum for ship- 

lUCUl OVCTfCUt. * 
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The meeting on. Thursday, June 12, included the following: 

Iiloyd T. Brown and John G. Kuhns, Boston, discussed a paper on the extension 
deformities of the cervical spine. The object of this paper was to point out that 
as a cause of the so-called scalenus syndrome and the symptoms from cervical 
ribs, remote factors may be of more importance than local ones, such as an hyper- 
trophied muscle and an hypertrophied scalenus tubercle or cervical rib. The 
anatomy, including the shape of the vertebrae, the ligaments and the fascia, and 
tlie muscles, is explained particularly as they are affected by positions assumed 
in faulty body mechanics. 

The extension deformity of the cervical spine, whether it is primary or com- 
pensatory, narrows the space in the neck. It is shown that a long-standing 
habitual position of faulty body mechanics, because of the pull of the abdominal 
organs on the diaphragm and the neck, is a potential of strain on the cervical or 
brachial nerve plexus. Correction of these deformities not only in the cervical 
spine but also in the body has completely relieved not only the neurological but 
also the vascular symptoms associated with the scalenus syndrome and the 
cervical ribs. 


E. K. Ghormley and Malcolm B. Dockerty, Eochester, Minn., gave a review of 
1 cases of unusual myxomatous tumors of the knee and in conjunction with this 
a review of the pathology of 7 additional eases which were definitely established 
as cysts of semilunar cartilages. 

In reviewing these 4 cases, it was their purpose to establish them either as 
cysts or other types of tumors. In comparing the pathology of these with the 
known pathology of cysts, 2 of these seemed to fall in the group of cystic semi- 
lunar tumors; 1, a large myxomatous tumor, probably did not arise in the cartilage 
and should be classified as paramenisoal cyst and the fourth case was a true 
myxoma of the cartilage. 

The discussion of the differentiation between so-called paramenisoal cysts and 
true meniscal cysts and a brief review of the therapy and etiology of cysts of 
the semilunar cartilages were given. 


Balias B. Piemister, Chicago, discussed resection and transplantation in the 
treatment of bone sarcomas. In the past five years 8 selected cases of sarcoma of 
large bones were treated by massive resection and bone transplantation in an 
endeavor to save a useful extremity. There were 3 cases of osteogenic sarcoma, 
all of which were of a relatively malignant type. There were 3 of chondrosar- 
coma, 1 of which was relatively malignant, and the other 2 were slow growing 
and relatively benign. One case was a Ewing sarcoma and 1 a giant-cell sarcoma. 
All of the tumors began centrally except the Ewing sarcoma and had produced 
only slight peripheral enlargement. 

One case of densely ossified osteogenic sarcoma of the upper end of the humerus 
was treated five years ago by excision of the humerus from the deltoid insertion 
ard and including the deltoid muscle, the capsule of the joint and the attach- 
ents of muscles to the greater and lesser tubercles and the posterior surface of 
bone The defect was repaired by a transplant from the tibia and the patient 
the one. worked steadily for three and one-half years as a dentist, 

has ^ 12-yoar-old boy which was similar was treated in the same 

A secon roentgenograms taken seven weeks after operation showed 

manner. Bo recurrence, after which an intrathoracoscapular amputation was 
evidence of me osteogenic sarcoma, was of the densely ossified 

performed, me tibia. Treatment was by massive local ex- 

kind involving the upP^ j^gjjes of bone and overlying soft parts with replacement 
cision of the upper our Necrosis of the skin flap 

bv a double bone gra partial loss of the grafts. From gross examiiia- 

resultedinalatent infection and p 
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tioa of the specimea it looked very favorable, but microscopically there was 
evidence of tumor invasion of veins outside the periosteum which was of bad 
omen from the standpoint of occurrence of metastases. One year later there was 
evidence of pulmonary metastases and death occurred after one and three- 
fourth years. 

The first case of chondrosarcoma in a girl 11 years of age was of a year's 
standing, involving the upper four inches of the tibia. The tumor had been 
partly removed six months previously. The upper five inches of the tibia was 
e.xeised and a heavy transplant from the opposite tibia inserted. The graft 
united to the condyle of the femur and the lower fragment of tibia and subse- 
quently hypertrophied. The patient is apparently well three years after operation 
and has a useful extremity. 

The second case of chondrosarcoma in an 11-year-old girl involved the lower 
part of the shaft of the femur. It had been curetted sixteen months previously 
but had recurred. Fourteen centimeters of the shaft of the femur periosteum and 
some of the attached muscle was resected. The defect was bridged by two 
bone transplants from the tibia 13 cm. long and including one-half the circum- 
ference of each bone. They were fastened with two threaded wires at each end, 
one graft being intramedullary and the other onlaid. Union between grafts and 
femur took place and fourteen months after operation there is no sign of recur- 
rence and the patient has been walking on the limb without support for four 
months. 


The third case of chondrosarcoma in a 21-year-old woman was of five years’ 
standing and involved the anterior portion of the upper end of the tibia. The 
patient refused complete e.xcisioa of the upper end of the tibia and transplantation 
with ankylosis of the knee. Consequently a wide excision of the front and both 
sides of the upper end of the tibia was made and the gap partly filled out ivith 
transplants taken from the lower two-thirds of the tibia, the tibial patellar tendon 
being reattached with one of the transplants. The patient is free from recurrence 
six months after operation and has walked on the limb for the past two months. 
.She has recovered two-thirds of normal range of motion of the joint. 

The case of Ewing’s tumor was in a 13-year-oId boy and involved the shaft 
of the femur beneath the lower trochanter. Four thousand roentgen units had 
been administered, but roentgenograms indicated that the tumor was probablv 
still active. With a constrictor applied over a Stcinmann pin above the greater 
trochanter, 17 cm. of involved shaft and overlying vastus lateralis and vastus 
inturmedius muscles were excised and the defect replaced by two bone grafts 
taken from the tibia .as in the previous c.ase. Infection developed and most of the 
ilone grafts aero lost, llc-aling was complete five months later after removal of 
the necrotic grafts. .\3 there w;is no .sign of recurrence of the Ewing tumor, 
uhich was confirmed by microscopic examination of the specimen, a heavy graft 
taken from the opposite regenerated tibia, vvim e.xeised and inserted into the 
tleCeet fourteen months after the original operation. Convalescence has been 
satisfactory for six weeks since operation. 


The case of central giant-cell sarcoma was of the lower end of the femur in 
a 2G-year-old man. ith a constrictor applied, a biopsy was performed and while 
there wa.s some question as to whether the lesion was a benign or mali-nant -^iaut- 
cell tumor, the deci.sion was made in favor of the latter. The lower 10 cm of the 
femur, tho overlying quadriceps muscle, the capsule of the joint, and tho upper 
1 cm. of the tibia were excised cn bloc. Tuo gnifts. including almost one-half of 
the crcumfereuce of the tibia below and about H cm. in length, acre excised and 
m-orled into the defect, one mtramedullary and the other onlav, where thev were 
anchored with lao threaded wire.s at either end. Convalescence aim Smooth 
and bony union at the ends of the grafts was complete in ten weeks. It i.s now 



696 


SURGERY 


seven montlis since operation and the patient has been walking in a caliper splint 
for three months without signs of recurrence. 

These cases show both the advantages and disadvantages of massive bone 
grafting for sarcoma. Undoubtedly many early cases that are now treated by 
amputation would have equally good chances of survival with useful extremities 
if treated in this wa}'. 

In discussing a paper on femoroischial transplant, David M. Bosworth, New 
fork City, states that in certain cases of tuberculosis of the hip and other lesions 
about the hip where arthrodesis is unsatisfactory or impossible, either from tech- 
nical reasons or because of danger of reactivating a previous defect, it was be- 
lieved that severance of the femoral shaft and transplantation to the tuberosity 
ischium might give satisfactory results. 

Niue cases of tuberculosis of the hip, 7 of them proved, in which the head and 
neck of the femur had been totally destroyed were operated upon with operative 
mortality in only 1 instance. Of the 7 cases in which the patients lived long 
enough to secure ankylosis, 5 became completely solid. Ankylosis in these cases 
between 20 and 45 degrees of flexion produce the same satisfactory gait encoun- 
tered when arthrodesis of the hip is done as a primary operation. Sitting posture 
is likewise excellent. 

The procedure is done through a lateral approach, doing an oblique osteotomy 
of the femur .just above the level of the tuberosity of the ischium and trans- 
planting the sharpened distal end of the femur into a gouged-out defect in the 
lateral portion of the tuberosity of the ischium. Ma.ximum fle-xion of the thigh 
must be obtained and extension produced after the end of the femur is in the 
ischium. The procedure is difficult, much of the work must be done blind, and 
considerable bleeding is encountered. Some added length can usually be gained, 
but residual shortening due to previous disease or disability is generally present. 
Incasement postoperatively in a double plaster hip spica for several months is 
necessary. X-ray evidence of union is the guide for release from plaster. 


M. N. Smith-Petersen, Boston, stated that his presentation was intended chiefly 
to point out the changes in technique of vitalium mold arthroplasty of the hip 
which have taken place since his publication of his first article. He pointed out 
that the incision and approach must be such as to follow anatomical planes 
causing the least possible damage and consequently the least possible shock. 
The main features about the approach have remained as described in the original 
publication, but experience has taught us that dividing the tendon of the direct 
head of the rectus occasionally gives rise to calcification of the proximal stump 
and this results in limitation of flexion of the hip which is most undesirable. 
They now detach the rectus tendon from the anterior inferior spine and suture it 
to the distal tendon of the gluteus minimus. 

Smith-Petersen stated that in his original publication he -was afraid that he 
belittled the efficient shaping of the acetabulum. Experience has taught him that 
1 I in”- the acetabulum so that the vitalium mold will move very freely is of 
‘ " f rtance. The principle of this procedure is to create a joint that will 
grea "jjjggiianically correctly, eonsequently, the head of the femur must bo 
function m move freely within the mold and the acetabulum must 

shaped in to allow the mold to move freely within it. 

be s lape nossible respect for anatomical structures should be exercised in 

The greates p the reconstruction of the hip, as well as in following 

exposing the hip, jg not a procedure to be attempted by even an 

up the patient * ^^^unless he has tried it out in a cadaver or seen the procedure 
experienced surgeon considerable c.xperieuce in hip joint surgery, 

performed by a surgeon 
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Management of the Cardiac Patient. By William G. Leanuin, Jr. Pp. 703, with 
253 illustrations, 2 in color. Philadelphia, 19J0, .1. B. Lippincott Co. .9(5.50. 

This book covers a much more extensive field than a treatise devoted only to 
therapeutics of lieart disease. In each chapter the author discusses briefly the 
etiology, pathologj’, pathologic physiology, symptomatology, and physical signs of 
the type of cardiac disorder under consideration. In addition, roentgen and elec- 
trocardiographic records are reproduced and adequately e.xplained. The management 
of the cardiac patient is then considered in detail and the chapter concluded by- 
adding illustrative case reports and a brief discussion. Obviously such an arrange- 
ment makes the book a most practical one and one which should be extremely useful 
to the general practitioner. 

The book abounds with numerous descriptive drawings, illustrations, and e.xcellent 
photographs, all of which help to simplify the subject matter and to correlate the 
pathology of dilTerent forms of heart disease with the clinical and laboratory find- 
ings, such as the x-rays and electrocardiographs. This feature, coupled with ease- 
history method of presentation, makes the volume a real contribution to the busy 
physician who cannot devote considerable time to the study of voluminous treatises 
covering the various aspects of heart disease. 

Included in the volume arc chapters on cardiac problems in surgical practice, the 
heart in pregnancy, pby.siotherapy in the treatment of heart disease, prescription of 
exercise, diet in heart disease, and social service in the treatment of heart disease, 
all of which are extremely important in the successful management of cardiac dis- 
orders, and which have not received adequate attention in other textbooks. 

The author ’.s style is .simple, the subject matter reads smoothly and is easily 
understandable. The author’s opinion-s are ehar.acterizcd by sound judgment. This 
book should find a worthwhile place with the other standard treatises on heart dis- 
ease that are now available. It is highly recommended to the student and internist 
!is well as to the general practitioner. 


Applied Orthodontics, By James David JlcC’oy, M..S., D,D.S., P..\..C.D. Ed 3 
l>p. with '."->7 engravings and 1 plate. Philadelphia, Iflll, Le-i and 

Febiger. 


The information contained in MeCoy’s fifth edition (revi.-ed) is well organized 
and .Mated ... terms easily understood. It is a text applicable to undergraduate 
teacb.ng especially since the author doe.s not emphasize anv particular tcchnioue 
to the e\c usmi, ot other... 'Ihe illuMralioms are con.Msteiitly goo.! and there are 

It, ■■ '* 
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The Extra-Ocular Muscles. A Clinical Study of Normal and Abnormal Ocular 
Motility. By Luther C. Peter, M.D, Ed. 3. Pp. 368, mth 147 illustrations and 
5 color plates. Philadelphia, 1941, Lea and Febiger. .$4.50. 

The book is designed primarily for the student, and Peter has presented, as in 
his other editions, a clear, concise approach to this difficult subject. 

As a whole, there has been little revision of the material. The main changes 
consist of a more complete presentation of the orthoptic procedures. In revising 
this chapter he has not only added more recent views, but has added material which 
will prove very valuable to the beginner in orthoptic work. 

In the chapter on nystagmus considerable new material has been added and the 
entire chapter is revised. This was written in collaboration with Dr. Joseph 0. 
Yaskin, Professor of Neurology in the Graduate School of Medicine, University of 
Pennsylvania. Although the chapter on surgery is fundamentally the same, he has 
increased its value by adding to it his work on muscle resection. 

When one remembers how few recent books there are on this subject in the 
English language and how few are designed primarily for the student, the value 
of this book is more appreciated. 


Spermatozoa and Sterility, A Clinical Manual. By Abner I. Weisman. Pp. 314, 

with 77 illustrations. New York, 1941, Paul B. Hoeber, Inc. $5.50. 

As the author states, this monograph is addressed not only to the gj’necologist 
and the urologist but also to the general practitioner who would like to diagnose 
and treat his own cases of sterility. 

The descriptions of the normal and pathologic anatomy and physiology of sper- 
matozoa are excellent. The techniques for the diagnosis of sterility are given in 
detail. One may be disappointed, however, that so little that is specific or new is 
known about the treatment of sterility. One of the unsolved problems that still 
baffles the endocrinologist is the sterile matings between apparently fertile indi- 
viduals. 

An extensive bibliography and workable index are appended. This book is the 
best summary of our knowledge concerning spermatozoa and sterility written to date. 
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THE LOCATION’ OP THE LATEKAL SPINOTHALAMIC TRACT 
IX TUB BRAIN STEM OF MAN 

A. T. Rasmussen', Ph.D., axd IV. T. Pf.vtos', M.D., Ph.D., 
Minneapoi.is, Mink. 

(From the Departments of Anatomy awl Surgery, the AMical School, Cnhersity 

of Minnesota) 

nnilE PRECISE ioealion of the lateral spinothalainie tract Is of spe- 
1 cial impovtanee since its tvuuscction has become a rcco-nizccl neuro- 
suvirical procedure for intractable pain. Only a fen- studies on this 
tract have been made on Marci.i material. The superiority oi the Mayelu 
teehninue in defininsr the exact position of fibers that are scattered or 
mixed Nvith others is well recognixed. The latest report on this subject 
is by Walker,' who reviews the literature admirably and describes the 
.mneral iours’e of these fibers as seen primarily in a case of left ehordot- 
omv at the uiiper thoracic level with death eighteen days later. He 
furnishes further proof of tlie termination of the lateral spinothalamic 
tract in the posterolateral ventral nucleus of the thalamus. 

Wiiile eimrdotomy is common enough, deatii within a few weeks after 
the operation under cireinnslances that permit the tipplication ol the 
Marehi teehniiiue is sufiieiently rare to warrant further study of this 
type of material. Douliotti- liii.s suece.vsfully interrupted the.se fibers at 
tiie ui>i>er border of the imns. Although it would aiipear from his 
I’ciiort that section of the lateral spinotlialamic tract at this high level 
iiiav be somewhat liazardoiis, and althougli it is ;il.so recognized tliat the 
indieation is rare for severing of tlie faseieulns in the brain stem (in 
preiVrem-e to a high cervical ehordotomy eomhined with rliizolomy of 
I lie posterior roots of the uiiper eervieid nerves), still the oeea.sion may 
iirise when such oiieralive intervention would he .seriou.sly eoitsidered. 
To minimize tlie risk involved in ojierating at siieh high levels, tlie 
ileiaileil toiiogiaidiy of tlie (iiiefs iiivohed should he thoroughly ajipre- 
eiated at \ariou.-' j'oiiil.s along the hrain .stem. We have, therefore, ear- 

for MjttUcallun. Ja». 31, 1911. 
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lied through the Swank-Davenport^ chlorate-osmie-formalin technique 
blocks of tissue from every segment of the spinal cord and a complete 
series of blocks from the lower portion of the medulla oblongata well 
into the thalamus. The Swank-Davenport method blackens the fat 
droplets resulting from degeneration of the myelin sheath with less 
tendency to produce disturbing artifacts than with the conventional 
Marchi procedure. It also gives evidence of degeneration earlier than 
can be recognized by the usual Marchi technique (Swank^). Its utiliza- 
tion in neuropathology is strongly recommended. 

MATERIAL AND METHOD 

The tissue was obtained from a man 54 years of age who succumbed 
nineteen days after right chordotomy done in tlie fourth to fifth thoracic 
segment for the relief of pain due to a metastatic squamous-cell car- 
cinoma invading the left lumbosacral nerve plexus. Fifty-two days 
before death (thirty-three days prior to the chordotomy) 1 c.c. of 95 
per cent alcohol had been injected through the second lumbar inter- 
space into the subarachnoid space, according to the method of Dogliotti,“ 
with the patient lying on the right side. The relief from pain was so 
incomplete that anterolateral chordotomy Avas later performed by a 
dorsolateral exposure and a certain amount of rotation of the cord. 
After the chordotomy the loss of pain and temperature sensibility e.x- 
tended up to the sixth thoracic dermatome on the left side. Subjec- 
tively he Avas entirely relieved of pain. 

The brain and spinal cord AV'ere remoA'ed eight and one-half hours 
after death. The brain Avas perfused through the arteries Avith 3,000 
c.c. of a 5 per cent equeous solution of magnesium sulfate containing 
2.5 per cent potassium dichromate and left overnight in this reagent. 
After further fixation for a day in 10 per cent formalin, transverse 
blocks nearly 1 cm. thick A\mre made of the brain stem and kept tAVO 
days in 10 per cent formalin. The spinal cord Avas cut into its thirty- 
one segments (leaving a little pia on one side to act as a liinge and to 
keep the segments in proper sequence) and kept overnight in a liter 
of above magnesium-potassium sulfate and then tAvo days in 10 per cent 
formalin. By coiling the spinal cord in a large round dish so that the 
cuts gapped, the fixer had intimate contact Avith the cut surfaces of 
all the blocks. 

From each segment of the spinal cord 3 mm.-thiek blocks next to the 
cut surface Avere taken and the entire brain stem cut into blocks of 
about this thickness. Blocks through the upper third of the midbrain 
and thalamus were made oblique, as sliown in Fig. 21, in order to 
facilitate the following of the fibers as they scatter out near their 

termination. . , , , „ 

These thin blocks (thirty from the spinal cord and twentj'-five from 
the brain stem) were strung on a thread in easily identifiable groups 
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(with enough slack between blocks to pennit them to lie flat) and kept 
ten days in twenty times their volume of an aqueous solution contain- 
ing 0.6 per cent potassium elilorate, 0.2 per cent osmic acid, 1 per cent 
acetic acid, and 12 per cent formalin. After being washed in running 
water for twenty-four hours, the blocks were transferred directly to 
dioxan for three days (the .solution changed daily) and infiltrated and 
embedded in 50° C. pai’afSn in flat-bottomed tins as previousl}' described 
(Easmussen®). Under proper temperature these soft paraffin blocks 
cut well at 50/x and may be moimted on slides, without albumin fixa- 
tive, by dissolving away the paraffin by means of xylol applied with a 
medicine dropper and allowing the excess xylol to evaporate imtil sec- 
tions are flat but have not changed color. AVhen drying has gone too 
far, the sections take on a lighter hue. Since the blackened fat retains 
its shai’p contrast better uuthout cover glass, sections may be covered 
with elarife (a substitute for balsam), which on drying forms a hard 
protective eov'ering. Host of the well-impregnated sections were cov- 
ered with elarite and cover glass. In general the amount of osmie acid 
was insufficient to penetrate completely the blocks so that only sections 
near the cut siu'faces u'ere reliable. 

The substitution of dioxan and paraffin embedding for the usual 
alcoholic dehydration and celloidin embedding decreases the time ele- 
ment considerably. 

Due to the difficulty in adequately shovfing the detailed location of 
tile degeneration by photomicrographs, instructive levels were projected 
at a knowm magnification (varjfing from six to eight times the diameter) 
and the visible degeneration inserted. With the original slide imder the 
miei’oseope the finer distribution of the degenerated fibers was care- 
fully inserted under a higlier magnification. Every effort has been 
made to show faithfully the relative density of the blackened fat drop- 
lets. This procedure has the advantage of a clear background, free 
from disturbing artifacts. 

KESri.TS 

Sections below the level of tlie incision show consistently some scat- 
tered degeneration in the ventral half of the right lateral funiculus, 
which diminishes in amount and shifts somewhat dorsally in lower 
levels. This is illustrated in Pigs. 1 and 2. (In these and all subse- 
quent cross sections the right side of the patient is on the left-hand side 
of the sketch.) This evidently represents descending reticulospinal 
fibers with possibly a few rubrospinal fibers, mostly dor-sally. In the 
left dorsal funiculus, commencing with the lower lumbar segment and 
increasing in araomit to the upper lumbar level, is considerable degen- 
eration which represents the doi'sal root fibers that were alcoholized one 
month before ehordotomy was performed. From the degeneration found 
in different levels from the lower thoracic to the lower .sacral region, it 
is clear that effect of the alcohol was confined to the region of the left 
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lied through the Swank-Davenport^ chlorale-osraie-forraalin technique 
blocks of tissue from every segment of the spinal cord and a complete 
series of bloclcs from the lower portion of the medulla oblongata well 
into the thalamus. The Swank-Davenport method blackens the fat 
droplets resulting from degeneration of the myelin sheath with less 
tendency to produce disturbing artifacts than with the conventional 
Marchi procedure. It also gives evidence of degeneration earlier than 
can be recognized by the usual Marchi technique (Swank^). Its utiliza- 
tion in neuropathology is strongly recommended. 


JIATERIAL AND METHOD 

The tissue was obtained from a man 54 years of age who succumbed 
nineteen days after right chordotomy done in the fourth to fifth thoracic 
segment for the relief of pain due to a metastatic squamous-cell car- 
cinoma invading the left lumbosacral nerve plexus. Pifty-two days 
before death (thirty-three daj'^s prior to the chordotomy) 1 c.e. of 95 
per cent alcohol had been injected through the second lumbar inter- 
space into the subarachnoid space, according to the method of Dogliotti,’ 
with the patient lying on the right side. The relief from pain was so 
incomplete that anterolateral chordotomy was later performed by a 
dorsolateral exposure and a certain amount of rotation of the cord. 
After the chordotomy the loss of pain and temperature sensibility ex- 
tended up to the sixth thoracic dermatome on the left side. Subjec- 
tively he was entirely relieved of pain. 

The brain and spinal cord ■were removed eight and one-half hours 
after death. The brain was perfused through the arteries with 3,000 
c.c. of a 5 per cent equeous solution of magnesium sulfate containing 
2.5 per cent potassium dichromate and left overnight in this reagent. 
After further fixation for a day in 10 per cent formalin, transveise 
blocks nearly 1 cm. thick were made of the brain stem and kept two 
days in 10 per cent formalin. The spinal cord was cut into its thirty- 
one segments (leaving a little pia on one side to act as a hinge and to 
keep the segments in proper sequence) and kept overnight in a liter 
of above magnesium-potassium sulfate and then two days in 10 per cent 
formalin Bj coiling the spinal cord in a large round disli so that the 
cuts gapped, the fixer had intimate contact witli the cut surfaces of 

aU the blocks. 

From each segment of the spinal cord 3 mm.-tlnck blocks next to the 
„ nnd the entire brain stem cut into blocks of 

cut sur ace wei ^ through the upper third of the midbrain 


facilitate the following 


of the fibers as they scatter out near their 


termination. /xt - x„ from the spinal cord and twenty-five from 
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the brain stem) were suim„ 
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shown in Fig. 3, which is just above the incision. Immediately above 
the lesion the area transected is well delimited by the degeneration 
and extends over most of the venti'al half of the lateral funiculus. Tlie 
superficial degeneration extending dorsall 5 ' from tiie main area may be 
due to traumatization of the surface of the cord just dorsal to the i>oint 
of entrance of tlie knife. This is in the region of tlie attachment of the 
dentate ligament, traction on which was used to rotate the cord. 

At higher levels (Figs. 5 and 6) there is confirmation of the con- 
clusions arrived at by Hyndman and van Epps' with reference to the 
extent of the lateral spinothalamic tract. These ascending fibers cover 
a much larger cross section area and spread out more ventromedially 
than is shown in standard texts. 


The extent of the involvement of the dorsal spinocerebellar tract of 
Fleehsig is best defined in Pigs. 7 to 12, which show them finally enter- 
ing the restiform body. Their course within the cerebellum, curving 
dorsaUj'-, medially, and downward, and fanning out in the vermis, is 
readily seen in the material but not reproduced. 

The rest of the degeneration in the lateral column consists of tlie 
ventral spinocerebellar tract of Gowers (most lateral and superficial), 
tlie small spinotectal tract (most ventrolateral), and the lateral spino- 
thalamic tract, wliich constitutes the more medial and greater bulk of 
the degeneration. These tracts are shown in Pigs. 7 to 11 in their 
typical position througli the medulla oblongata. Near tlie lower 
pole of the inferior olive (Fig. 10) these fibers extend medially to 
about one-third of the distance to the midsagittal ])lnne or about 4 mm. 
in the actual brain stem. Higher in the medulla (Fig. 11) they extend 
.somewhat more medially, to a depth that makes their complete surgical 
interruption in this region hazardous, although the approach would 
be the same as for section of the de.sccnding root of the trigeminal 
nerve, as practiced by Sjoq\ist® and otheis.'’ 


Through the pons the tlu'ce tracts are deeply buried. In Fig. 12 
they are seen between the .superior olivarj' nucleus and the distal 
part of the intrapontine portion of the facial nei’ve. In the upper pons 
they again become suiierficial as is illustrated in Fig. 13. Here is 
where Dogliotti intenmpted the pain circuit. 

It would aiipear that a slightly higher level, as in Pig. 14 (compare 
with Fig. 21), i.c., not over .5 mm. below the fourth cranial nerve, 
would be a bettor ]>lace to cut the tract. Here (in the widest part 
of the trigomim lemnisci) it is .spread out in a very superficial sheet 
less than 2 nun. in thickne.s.s, .so that a siiallow incision not over 2 mm. 
deep and about 5 mm. transversely across the central portion of the 
tiigonuin lemnisci should sulTicc. Some damage to the uiulerlving 
superior cerebellar peduncle (brachium conjunctivum) would not be 
serious. Neither would ventral i)rolongalio 2 i of the incLsiou he of any 
conseriuence, because this would merely get more of the central acomstic 
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lumbar roots. This degeneration, as it shifts its relative position at 
higher levels, marks rather sharply the lumbar component of the dorsal 
column. Its association with nucleus gracillis is shown in Figs. 8 and 9. 

In the region of the operative site, additional degeneration appears 
bilaterally in the lateral portion of the dorsal funiculi. This is some- 
what more extensive on the right side than on the left. It is evidently 
due to operative exposure and traumatization of neighboring dorsal 
roots during rotation of spinal cord, in spite of exercising care during 
traction on the dentate ligament. This degeneration from trauma is 
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fibers of the lateral leiimisciis, and each ear is bilaterally represented 
in this pa^h•^vaJ^ Dorsal prolongation would only involve the already 
degenerated ventral spinocei'ebellar tract and the doreal portion of the 
brachinm conjimetivum. 

At the level of emergence of the trochlear nerve (Pig. 15) the 
dorsal spinocerebellar tract is no longer present (having turned dorsally 
and downward into the anterior medullary velum), and the remaining 
degeneration (now representing only the lateral spinothalamic and 
spinotectal tracts) is more dorsal in position with reference to the 
trigonum lemnisci. Here the brachium eonjunetivum is less likely to 
be encountered since it is shifting ventrally. A stab wound 3 mm. 
deep, commencing at the attachment of the fourth nerve and extending 
ventrally 3 or 4 mm., should be ample to interrupt pain completely. 



Fie- 20. — Pliotoniicrograpli of region squared in Fig. 1C. Shows Uie close relation 
of the lateral spinothalamic tract to the nucleus of inferior colliculus. L Lateral 
surface of niidbrain ; Jf, mesenceplialic root of trigeminal nerve ; IC, nucleus of inferior 
rolliciilus. fxl5.} 

A certain allowance must lie made for fibers from tlie ujjper rcgioirs 
of the spinal cord since these were not cut in this ease. The total bulk 
of ])ain libers from the entire spinal cord is therefore greater than 
shown lierc. Thc.se additional fibers would enlarge tlie tract somewhat 
especially medially, in comparistm with the area of degeneration here 
sliowii. 

Wliile the statement is made that the lateral spiiiothalamie tract 
pa,s.ses thrmigh the inferior eollieuliis ( posterior eorptw qnadrigeminiim), 
it was not appreeiated tliat lliey were .so intimately mi.vecf with the 
lieavy triangular myelinated area in contact with the ventral border 
of the mieleiis of tlie inferior eo!]icuJu.s. Tlii.s region has generally been 
a-ssiimcd to be largely auditory Jibeivi which were destined to terminate 
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supratentorial in position and topographically easily identifiable. The 
nucleus of the inferior eollieulus may be ignored as far as consequences 
following its pai’tial destraction are concerned. 

Above the inferior colliculus (Pigs. 17 and 18) where the brachium 
of the inferior colliculus forms a prominent ridge coursing upwax'd 
and slightly ventrally toward the medial geniculate body, the spino- 
thalamic fibers are well beneath (medial to) this brachium, as noted by 
others. 

The number of degenerated fibers that could be positively identified 
in the oblique sections through the lower part of the thalamus was 
disappointedly few. As shown in Pig. 19, only an occasional fiber 
could be clearly recognized and this was in the posterolateral portion 
of the ventral nucleus of the thalamus as maintained, especially by 
Walker. 

The ascending degeneration, consisting mostly of the lateral spino- 
thalamic tract, has been projected on to a side view of the brain stem 
(Fig. 21) in order to give a more general view of its superficial 
projection. The hea^y transverse planes numbered from 7 to 19 
represent the position of the correspondingly numbered figures. Since 
section of the descending (spinal) I’oot of the trigeminal nerve is heiug 
done as a substitute for partial extrapontine .section of the sensory root 
of this nerve, the superficial projection of this root and other portions 
of the fifth cranial nerve have been included in the same sketch. 
Careful attention has been given to the position of the descending root 
in the region of the lower half of the inferior olive where these fibers 
are most often interrupted siu'gically, the projection being based on 
about 100 gross dissections. 

SUilllARY 

A description is given of tlie degeneration resulting from preliminarv 
injection of alcohol into the left lumbar roots of the spinal nerves 
followed thirty-three days later by riglit chordotomy at the fourth to 
fifth thoracic region witli deatli nineteen days after the chordotomy. 

The usual shifting in position (in ascending levels) of the lumbar 
component of the dorsal funiculus (due to injection of alcohol) is 
well demonstrated as is also that of tlie fourth to fifth thoracic component 
(due to trauma incident to rotation of the cord). 

The area of degeneration resulting from the cutting of the spino- 
thalamic and associated tracts is larger than usually sliown and thus 
confirms Ilyndman and van Epps. 

TJio position of the lateral spinothalamic tract through the brain 
stem is sliown in cross sections a.s well as in surface projection These 
fibers are most superficial in the region of the trigonum lemnisci just 
below the trochlear nerve, wiiere they could readily be interrupted for 

reliei of pam without serious consequences from direct iniun' to 
adjacent structures. ■ 



708 


SURGEKY 


t.a. i.CeSL“i.:::« s r; ir„r r; ““r^ - 
ta Kiinsrcu 

meseiioephahc root of the trigemmol „e„e. This is true of aU^f tt. 

A 3 mm. stab wound extending 5 or 6 mm. info the ventral part of the 
infeiior coUiculns would appear feasible. This location is distinctly 
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THE REPAIR OP A CRANIAL DEFECT WITH 
A VITALLIIDI PLATE 

W. T, Peytox, M.D., AXD H. B. Hall, M.D., 

Hixxeapolis, jMixx. 

{From the Division of Neurosurgert/ of the Department of Surgery, the Medical 
School of the University of Minnesota) 

T he repair of cranial defects is a problem to tbe surgeon. Grant 
and Noreross^ in 1939 made an exhaustive study of the literature and 
found more than 1,300 eases of eranioplastj- described. It is unneces- 
sary to duplicate their report, but for a complete remew of eranioplastic 
procedures their paper should be consulted. However, some of the 
pertinent facts on eranioidast}'- bear repetition. 

HISTORICAL 

Slaeewen in 1873 reimplanted bone into cranial defects. The bone was 
removed from the patient’s skull, sterilized with antiseptics, and then 
replaced into the defect. Yon Hinterstoisser^ in 1891 was the first to 
describe the use of a nonosseous substance in the repair of cranial defect 
when he resorted to a celluloid plate. In 1893 Booth and Curtis^ em- 
ployed an aluminum plate to cover a cranial defect. Two years later 
Gerster^ described the application of a gold plate. Sicard and Dambrin® 
in 1917 reported a ease in which cadaver skull bone was used to repair 
a defect of the cranium. During the past forty years many surgeons 
have used both split rib grafts and cartilage to repair cranial defects. 
Fair success has been encountered with both rib and cartilage grafts, 
but most authors claim that cartilage has a little too much “give” and 
because of this fact it does not offer sufficiently firm support. 

VARIOUS OPERATIVE TECHNIQUES 

In 1890 llulier® descrilied a skull flap technique for the repair of a 
cranial defect. This procedure consisted in tlie elevation of a skin flap 
over the defect and then removal of an area of outer table from the 
adjacent hone, sliding it over to cover tlic defect. In the same .rear 
Ktinig’ improved upon lluller’s operation when he developed a twin 
flap technique. One flap consisted of skin and wliat remained of the 
pericranium over the defect, and the second flap contained skin, peri- 
cranium, and outer table. The bases of these two flaps were opposite 
hut not directly in line with each other. The flap containing the outer 
table was swung over to cover tlie defect, while the other flap was used 
to cover the bared inner table. Small exposed areas produced by this 
cro.s.sing of flap.s were covered with Thiersch grafts. 

One is appureatly justified in the assumption that no entirely satis- 
method has been developed for the repair of large cranial defects. 

tor Dtci’iubrr 9, 1910. 
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THE REPAIR OP A CRANIAL DEFECT WITH 
A VITALLIUSI PLATE 


W. T. Peyton, M.D., anp H. B. Hall, M.D., 

Minneapolis, Minn. 

("Brom the Division of Neurosurgery of the Department of Surgery, the Hledical 
School of the University of 2Iinnesota) 

T he repair of cranial defects is a problem to the surgeon. Grant 
and Noreross^ in 1939 made an exhaustive study of the literature and 
found more than 1,300 eases of eranioplast}' described. It is unneces- 
sary to duplicate their report, but for a complete review of eranioplastic 
procedures their paper should be consulted. However, some of the 
pertinent facts on cranioplasty bear repetition. 

historical 

Macewen in 1873 reimplanted bone into cranial defects. The bone was 
removed from the patient’s skull, sterilized ivitli antiseptics, and then 
replaced into the defect. Von Hinterstoisser® in 1891 was the first to 
describe the use of a nonosseous substance in the repair of cranial defect 
when he resorted to a celluloid plate. In 1893 Booth and Curtis^ em- 
ployed an aluminum plate to cover a ci'anial defect. Two years later 
Gerster^ described the application of a gold plate. Sicard and Dambrin® 
in 1917 reported a ease in which cadaver skull bone was used to repair 
a defect of the cranium. During the past forty years many surgeons 
have used both split rib grafts and cartilage to repair cranial defects. 
Fair success has been encountered with both rib and cartilage grafts, 
but most authors elauu that cartilage has a little too much “give” and 
because of this fact it docs not offer sufficiently firm support. 

VARIOUS OPERATIVE TECHNIQUES 

In 1890 Jluller® described a skull flap technique for the repair of a 
cranial defect. This procedure consisted in the elevation of a shin flap 
over the defect and then removal of an area of outer table from the 
adjacent bone, sliding it over to cover the defect. In the same year 
Konig" improved upon Muller’s operation when he developed a twin 
tlaj) technique. One flap consisted of skin and what remained of the 
pericranium over the defect, and the second flap contained skin, peri- 
cranium, and outer tabic. The bases of these two flaps were opposite 
but not directly in line with each other. Tlie flap containing the outer 
table was swung over to cover the defect, while the other flap was used 
to cover the bared inner table. Small exposed areas produced by this 
••rossing of flaps were covered with Thiersch grafts. 

One is apparently justified in the assumption that no entirely satis- 
1 ,10101 \ method has been de\cloj)ed for the repair of large cranial defects. 

lUcfUcI for luililkMtion. Dic'iiibcr 9, IJIO. 
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INDICATIOIsS AJJD CONTRAINDICATIONS 

Most authors agree upon the indications and contraindications for 
eraniopiast}- which have been listed by Grant and Norcross as follows: 

Indications : 

1. Severe headache 

2. Syndrome of the trephined (dizziness, apprehension and 
feeling of insecurity, undue fatigability, mental depres- 
sion, and intolerance to vibration) 

3. Epilepsy, if the attack is related to the injury 

4. Danger of trauma at the site of defect 

5. Unsightly defect 

6. Painful defect or undue pulsation 
Contraindications : 

3. Presence of a foreign body 

2. Infection of the skin, dura, or brain tissue 

3. Increased intracranial pressure 

4. Abnormal spinal fluid flndings 


TYPES OF CBANIOPDASTIC AIATERUL 

An ideal eranioplastie material should be: (1) nonirritatiiig, both 
electrically and chemically; (2) strong and inelastic; (3) light weight; 
(4) nonabsorbable; and (5) malleable. 

None of the materials used for cranioplasty have been entirely satis- 
factory. Either cadaver or fresh human bone may absorb or fail to 
unite solidly. If infection occurs, the bone graft may slough out. 

Vitallium, an alloy of chrome, cobalt, and molybdenum, was developed 
for the dental profession in 1929 in a search for an inactive metal. In 
1936 Venable and Stuck reported their experiences with vitallium in 
bone surgery. Tliey^ found it to be absolutely' inactive when it is in con- 
tact with tissue. No changes could be detected eitiier in the tissue or 
in the metal itself. It has been used in bone surgeiy for the past four 
years and has proved most satisfactory'. Vitallium is not malleable, 
but this is chiefly a manufacturing disadvantage and not a surgical one. 
Malleability of the metal used, however, is desirable at times in order 
that a plate be molded to fit a part, but this is of minor importance 
among the requirements for a suitable eranioplastie substance. 


REPORT OF .V CL\SE 


The employment of vitallium by the orfhopedie staff prompted us to 
investigate the possibility of fashioning a plate from tin's alloy to cover 
Tcranial defect in the following case: 

CirH G90902), a Gl-year-olci while male, wa.-i referred to Iho University 
-^'^11 >.nital ClinieJ for the diagnosis and treatment of n tumor mass 
of Minnesota The patient gene a history that the mass iirst 

iavolving tka ng s patient ’.s local phvsiei.an explored the tumor and 

appeared ^ paiowing which the patient reeeiied « ..cries oi deep 

removed a t \ - IM'I. Tke tumor continue<l to enlarge an-l in January, 

x-ray treatments m jt,. University of .Minue--ota IIo-pilaN for (iirtlmr 

1910, the patient was reierrv* 
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care. His only complaints were a mass on the right side of the head and an oc- 
casional headache. Examination was negative except for the presence of a firm, non- 
tender, fixed tumor mass about 10 cm. in diameter involving the cranium over the 
right frontoparietal region. Eoentgenograms of the skull showed changes suggestive 
of a meningioma. On Feb. 7, 1940, through a right transfrontal incision a meningi- 
oma was excised, removing the involved bone and meningioma en masse. This left 
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a cranial defect 11 cm. in diameter and nearly round, I'ollmving an uneventful 
convalescence, the patient was dismissed on Feb. 16, 19-10. Three months later the 
patient returned to the Out-Patient Clinic for a checkup. At that time he complained 
of a feeling of insecurity as he was afraid of suffering an injury at tire site of 
the skull defect. Also great changes in temperature, such as the application of 
Irot or cold water to the defect, were quite unpleasant. Examination at that time 
rvas negative e.xcept for the pulsating defect. The patient desired that something 
be done to cover the area of excised bone. As the defect was so large, it would 
Irave been rrearly impossible to e.arry out a Miiller-Konig procedure; therefore, this 
ease appeared to be the type suitable for the applicatron of a vitalliunr plate. 
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the plate could be fixed to the skull by screws. However, after making several such 
models, fixation by this method did not seem adequate; also, if it were necessary 
to remove bone at the time of application of the plate, the plate might fail to cover 
the enlarged defect. With this thought in mind, other plates were devised. The 
plate which seemed to be most practical was one which had a 1.5 cm. edge added 
beyond the edge of the defect, about two-thirds of the way around its circumference 
on its superior, anterior, and posterior margins. This added width allowed the plate 
to rest against bone over this part of the circumference. Holes were placed in the 
e.xtended portion of the plate 0.5 cm. from the edge and 4 cm. apart. Larger per- 
forations were also placed throughout the plate in order to allow the development of 
adhesions and blood supply between the scalp and underlaying tissue. 

Operative Procedure . — The patient was readmitted to the hospital for application 
of the vitallium plate on June 27, 1940. The skin and scalp flap was re-elevated, 
exposing the operative defect. After removal of a small amount of bone, the plate 
covered the defect quite satisfactorily. The overlapping rim contacted the sur- 
rounding bone snugly. Tlie overlap was sufficient to allow fixation of the plate to 
the skull eitlier by screws or wire. Stainless steel wire was used in this case as tlie 
vitallium screws wliich had been made to order were too short. Screws for fixation 
should be pointed similar to the wood type of screw and they should be to % 
inch long. Because the prepared screws were not suitable, two small drill holes 
0.5 cm. apart were placed in the skull directly under a hole in the plate. One end 
of the wire was passed tlirougli one hole in the skull and tlien back out through tlie 
second Iiole and on tlirougli tlie hole in the plate. The other end of the wire was 
brouglit around the edge of tlie plate and the ends were twisted. Three sets of 
holes and wires gave adequate fixation. Tlie skin flap was reappro.ximated without 
difficulty. The convalescence was smooth except for an accumulation of fluid be- 
tween the skin flap and plate which necessitated aspiration five or six times. 
Postoperative roentgenograms of the skull showed the plate to cover the defect 
adequately. 

Since the insertion of tiie plate, the patient has experienced mucii relief through 
a feeling of security against injury. Sudden changes in temperature no longer are 
unpleasant to him. The cosmetic result is very satisfactory. 

CONCLUSIONS 

Vitallium, an alloy of chrome, cobalt, and molybdenum, is the most 
inactive and practical alloy yet offered to the .surgeon. 

A vitallium plate offers the surgeon an almost ideal material for 
elosiu'o of cranial defects cau-sed by the loss of bone. 
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THE GLYCOGEN CONTENT OP THE HUMAN LIVEE*' 


Dugald S. MacIntyre,! Svend Pedersen, PhD., and 

IYalter G. BIaddock, M.D., Ann Arbor, Mich. 

(From the Department of Surgery of the University of Michigan) 


IN RECENT years much attention has been focused on the value for 
* surgical patients of a diet high in carbohydrate or protein, or high 
in both, particularly in relation to the level of liver glycogen in in- 
stances of hepatic disease. Unfortunately, little is known concerning 
the effect of diet, anesthesia, arid liver pathology upon the glycogen 
levels of the living human liver, except 'by inference, 'as the greater part 
of our Imowledge has been obtained either from analyses carried out 
on human livers at the time of autopsy or from experimental work 
on animals. 

The purposes of this paper are: (1) brieflj^ to review a part of the 
literature relative to glycogen levels of the human liver at the time of 
autopsy, and (2) to present and discuss the glycogen values in the 
human liver obtained from biopsy specimens during surgical opei’ations. 

The great French physiologist, Claude Bernard, was the first to find 
in animal livers a substance similar in composition to stai’ch in the 
vegetable kingdom. He named it glycogen. Although follow-up studies 
were mainly carried out by other investigators, Bernard did show that 
there was a rapid postmortal eliange of liver glycogen into glucose. 
Yet, in spite of this timely warning, manj' subsequent workers have 
entirely disregarded the fact and directly determined liver glycogen 
twenty-four to forty-eight hours after death and have drawn conclu- 
sions from these findings in regard to the glycogen values present dur- 
ing life.' 'The most unusual claim found in this connection was that of 
Krukow,^ who stated tiiat at room temperature animal and human livers 
require a high state of decomposition and as long as sixU'-eight days 
to change the greater part of the glj^cogen into glucose. 


Determinations of glycogen in the human liver at the time of autopsy 
have been carried out either by chemical or histologic methods, somc- 
t'mes by both. Histologic determinations can at best only be serni- 
titativc and will not be discussed here. .Several references, how- 
dll be included in the bibliography and particular attention is 
the "reat amount of medicolegal work by .Afcl.^ier- ‘ relative 
I - 1 of Mycc'en and the cause of death. Chemical determina- 
to the leve ^ ean arbitrarily be groui)ed according to the 
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method employed. The first and direct method was based upon the 
extraction of glycogen from the liver by hot water and the subsequent 
weighing of the dried glycogen. Bernard used this method in part of 
his work. Kiilz, in 1876,^ determined glycogen on a part of a diabetic 
liver twelve hours after death and estimated that there were 10 to lo 
Gm. in the whole gland. In 1881= he reported 5.28 per cent in another 
case. Cramer, in 1888, « boiled the liver in strong potassium hydroxide, 
precipitated the glycogen with alcohol and weighed the glycogen. In 
the livers from 3 infants he found respectively 1, 1.2, and 2.15 per cent. 
Sehonheimer, in 1929," found 10.4 per cent in a ease of von Gierke s 
disease, and as high as 15.3 per cent has been reported in this condi- 
tion.® The values obtained by water extraction of glycogen of neces- 
sity must have been minimum values as one can seldom obtain the liver 
from cadavers until after several hours of delay and, furthermore, the 
extraction by hot water is long and tedious, as well as likely to be 


incomplete. 

The second method was based upon the destruction of the liver tissue 
by hot potassium hydroxide. This treatment leaves glycogen intact so 
that it can be precipitated by alcohol, washed, dried, and iveighed, or 
the glycogen can be subjected to acid hydrolysis yielding glucose whidi 
can be determined by (a) various oxidizing solutions or (b) the aldehyde 
color reaction. By the use of the first method, Rosenbaum® found in 
19 infant livers no glycogen in 6, traces in 6, and from 0.23 to 3.27 per 
cent in the remainder. Gcelmuydcn’® in 14 cases found values between 
0 0 and 3.02 per cent. Sandmeyer" found 0.61 per cent and Helly’® 0.45 
per cent. Both cases died in diabetic coma. Among French investi- 
"ators, Lacassagne and JlartiiF® found on an average from 2 to 3 per 
cent in the liver of persons dying a violent death. Later'* they claimed 
a variation between 2 and 4 per cent. Gamier'® also reported 2 to 4 


per cent. 

The aldehyde reaction of Dischc and Popper'® was applied by Burg- 
hard" and by Burghard and Paffrath.'®’ '® In 100 livers they reported 
for healthy infants 2 to 3 per cent and 6 to S per eent for healthj- adults. 
In disease much lower values were found; only about one-third were 
above 1 per eent with a total range between 0.2 and 5.45 per cent. These 
aiithoi-s concluded that there was a definite and constant dift’erenee be- 
tween total carbohydrate determined as glnco.se and the glycogen. This 
difference was set by them arbitrarily at 0.23 which, wlien subtracted 
from the total carbohydrate, indirectly would give glycogen present “at 
the time of death.” This constant difference was not confirmed by 
Hertz,=“ who reported variations between 0.46 and 12.6 per cent in a 
series of 2 newborn infants and 7 fetirs'cs. 

By far the most work using the aldehyde method was by Popper and 
Wozasek who studied 177 human livei-s.='-=‘ In a long article®' they 
eliLssificd their findings according to the disea.se but, stated briefly, their 
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glycogen values were between 0.24 and 8.5 per cent. With a few excep- 
tions, values were between 1.56 and 6.17 per cent in patients dying siicl- 
denlj’’ without previous disease; wdiile in livers from patients dying 
after long-standing diseases the values ranged between 0.24 and 1.53 per 
cent. It should be pointed out, also, tliat there was a tendenej'^ towards 
lower values in hepatic diseases. 

These figures for liver glycogen are levels found at tJie time of 
autopsy. Tbej' do not, therefore, represent actual values which one 
might expect to find in sick or healthy persons during life. It should 
be pointed out here that the values for liver gijmogen found in our studj’’ 
were influenced by many factors and, also, do not necessarily represent 
those found in the normal living human liver. Some of our patients had 
morphine preoperativcly and “morphine diabetes” has been known for 
more than sixty years. Frank and Forster-^ showed in rabbits a marked 
decrease in liver glycogen after morphine. The same effect upon blood 
sugar and liver gl)mogen has also been observed after the administra- 
tion of cex'tain anesthetics. Evans and his associates-” found a 20 per 
cent decrease in the liver glycogen of cats killed after ten minutes of 
an ether anesthetic and a deei’ease of 50 per cent after one hour. EJiyth- 
mic changes in the level of liver glycogen were observed by Forsgren^'"’ 
and confirmed by others. There may even be more tlian one typo 
of glycogen present in the liver^® and it has been claimed that certain 
foods as well as specific sugars form a glycogen more stable than usual. 
Since our liver specimens were obtained by biopsy, it is important to 
know if liver glycogen is equally distributed throughout the livei’. In 
the older literature there was disagreement in regard to this point, but 
more recent work^' indicates that the content of the different lobe.s 
is sufficiently uniform that a specimen from one lobe is indicative of 
the whole. Expei'inients by us on llic rat liver also favor this view.* 

In addition there are the genex'al state of nutrition of tJie patient and tiic 
degree and diu’ation of livei’ damage as well as the effect of the lior- 
moues from the thyi-oid, pancreas, and adrenal glands. One factor, 
namely, the postmortal change of glycogen into gliico.se, did not influ- 
ence the data to be presented. The importance of this factor is shown 
by the finding of 0.55 per cent and 0.05 per cent of li\cr glycogen, by 
the method later described, in 2 human autopsy livers without .sign of 
liver damage obtained tno and sixteen lioiu.s' respceliieiy after dealli. 

nKoci.Dum; 


The Good, Kiamer, and .Somogyi" modification of I'fluger’s classical 
al I was' used for tJic gheogen iletcrminations. The biopsy spr ci- 
me 101 < iimnediatcly in carboii-dioxhlc snow and ether in the 

mens vver ^Vhite stdl .solidly fio/cn the 'ipicimens ueie gioutid 

operatuio t,.,„,.r(>ricd into weiglnd emtrifiige liihis emuaining 

very fine and transitu^ 
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potassium hydroxide, wei’e quickly weighed and placed in a heaker of 
boiling water. After the specimen was in solution, the glycogen was 
precipitated and hydrolyzed and then, the total reducing sugar was 
determined on aliquotes in duplicate according to the method of Shaffer 
and Somogyi.'^^ The liver specimens, I’cnioved from the liver edge, 
weighed 0.5 to 1.5 Gra. Bleeding was very easily controlled by insert- 
ing a small piece of abdominal wmll muscle into the li\er wound and 
approximating the cut surfaces wdth silk sutures. No glucose was given 
parenterally during the operations. The general health of each patient 
was estimated as being good, fair, or poor, A small piece of the liver 
specimen was sent to tlic Dejiavtinent of Pathology for histologic exam- 
ination and W'as graded normal or showing slight, moderate, or ad- 
vanced damage. The time of the biopsy from the onset of the anesthetic 
W'as recorded as w'as also any supplementai'y glucose feeding w’ithin 
tw'elve hours prior to the operation. These and other jjertinent data are 
given in Table I. 


THE OlSTRJBuno.N Of VALUES IN PERCENT FOP HEPATIC CUYCOGEN 
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yifT I the patients into groups nccordipjr to thf> 

anvHthttU. p.itiioioL'. unii uiieCiier or not tiiey receiv'etl supplementary fved- 

oC in tijc Jiouri* iiunjtallaltOy preceding- tJie operation. 




In the Sh ciKcs .studied and suinmarued in Tal)le I, the average 
•;!\('(igen eoiitenl was d.Db j^er eent, the hwest value was 1.1 per cent 
and tlie highest T.r>« per vent. Pi-g. 1 is an analysis of tinwe data divid- 
iifj: the p.itienfs into groups aecordiinr to (he anesthetie, the liver pa- 
llu)hig\. .ukI whether or not titcy reeeived xnpj)lemcntary feedings of 
.^qneose m (he twGvf Imins immediately preceding (he operation F.xeent 
those instanees in ^^i,ich glucose wa.s given, !)te patiente did not re- 
,.oi\e lood or (liiid m the tueUe hoins before the operation. All cat.es 




Table I 

COLLECTED Bata on 33 Patients in ^Yuo^^ Biopsies of tue Liver Wei® Obtained and Percentage of Hepatic Glycogen Determined 
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received approximately the same preoperative medication, and the 
biopsies were taken at approximately the same time of day. 

Percentage of Ghjeogen in Curies With Normal Livers. — Group A in 
Fi{^. 1 shovts tim (iislrilmlioii of values in percentage of liver glycogen 
for 10 patient.s wliose general condition rvith one exception, was fair or 
good, llicsc patients all were operated upon under spinal anesthesia, 
their livers were normal to both gross and microscopic examination, and 
none of these patients received supplementary glucose feedings. The 
average porcejitage for this good group undergoing a major operative 
procedure was 3.15; the range from. 1.1 to 6.31 per cent. 

Group B, iu contrast to Group A, had conditions of general health, 
diagnosis, liver histology, and anesthesia similar to Group A, but in 
addition received supplementary feedings of glucose which were given 
in divided doses of 50 Gm. of glucose in 30 c.c. of lemon juice, two doses 
in the evening and two doses iu the morning before operation. The 
average pereentage of their liver glycogen was 5.03 ; the values ranged 
from 3.19 to 7.56. The lowest value for Group B was slightly higher 
than the average for the patients in Group A, who did not receive the 
svrpplementary glucose feedings. On the basis of average percentage 
alone, Group B showed a 60 per cent increase over Group A. 

Group C consists of 5 patients wdio were operated upon under nitrous 
oxide and ether anesthesia, and whose livers were found to be normal. 
All of these patients received supplementary glucose feedings and their 
average Iiepatic glycogen content was 4.72 per cent, which is slightly 
lower than the average for similar patients operated upon under spinal 
anesthesia. 

Percentage of Glycogen in Cases With Liver Damage. — The ability 
of a damaged liver to store gljmogen is shoAvn by Group D in Fig. 1 in 


which are placed 4 patients with advanced hepatic pathology. The 
operations were performed either under spinal or nitrous oxide and 
ether anesthesia. All 4 eases received 200 Gm. of glucose in the twelve 
hours inunediately preceding the operation. Here the average percent- 
ao-e of hepatic glycogen for the 4 eases Avas 2.S7, Avliich is only about 
one-half the average value obtained in eases that had normal livers. 
This demonstrates the apparent inability of damaged livers to synthesize 
and store glycogen in as large amounts as the normal liver. IVe feel 
that the levels of glycogen found in tliese patients Avith damaged livers 
bably represent nearlj^ maximum values, since all 4 patients Avere 
y ‘talized at least five days prior to their operation and received a 
• .hohvdrate, Ioav fat diet during tliat time and in addition Avere 
jiig 1 cai , glucose feedings up to AAOthiii three hours before 

given supp tending to avoid the drop in hepatic glycogen due 

their opera m jjiarked in high carbohydrate fed animals, 

to fasting w ic Glycogen During Operations Under Spinal Anes- 
Changes in variations during operation of the glycogen 

thasifl.— ^ ® Uver As can be seen, Avith the exception of 
content of the human b^er. 
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received iipproxiinately the .same preoperative medication, and the 
biop.sies were taken at at»pro.\iinately the same time oi' day. 

Percentage of Glycof/cii in Cases With Normal Livers. — Group A in 
1' ■o- 1 .show.s tile distribution of values in percentage of liver glycogen 
for 10 patients whose general condition with one e.xeeiJtion was fair or 
good. These patients all were operated upon under .spinal anesthesia, 
their livers were normal to both gro.s.s and microscopic examination, and 
none of these jiatients received supjilementazy glucose feedings. The 
average percentage for this good group undergoing a major operative 
procedure was O.lii; the range from 1.1 to 6.31 per cent. 

Group B, in contrast to Group A, had conditions of genei’al health, 
diagnosis, liver histology, and anesthesia similar to Group A, but in 
addition received supplementaiy feedings of glucose which were given 
in divided doses of 50 Gm. of gluco.se in 30 c.e. of lemon juice, two doses 
in the evening and two doses in the morning before operation. The 
average percentage of their liver glycogen was 5.03; the values ranged 
from 3.19 to 7.56. The lowest value for Group B was slightly higher 
than the average for the izatients in Group A, who did not receive the 
supplementary glucose feedings. On the basis of average percentage 
alone. Group B showed a 60 per cent increase over Group A. 

Gz’oup C consists of 5 patients who were operated upon under nitrous 
oxide and ether anesthesia, and whose livers were found to be normal. 
All of these patients received supplementary glucose feedings and their 
average hepatic glj'cogen content was 4.72 per cent, which is slightly 
lower than the average for similar patients operated upon under spinal 
anesthesia. 

Percentage of Glycogen in Cases With Liver Damage. — The abilit.v 
of a damaged liver to store glycogen is shoivn by Group D in Fig. 1 in 


which are placed 4 patients with advanced hepatic patllolog 3 ^ The 
operations were performed either under spinal or nitrous oxide and 
ether anesthesia. All 4 cases received 200 Gm. of glucose in the twelve 
hours immediately preceding the operation. Here the average percent- 


ao-e of hepatic glycogen for the 4 cases was 2.87, which is only about 
one-half the average value obtained in cases that had normal livers. 
This demonstrates the apparent inability of damaged livers to synthesize 
and store glycogen in as large amounts as the normal liver. We feel 
that the levels of glycogen found in tliese patients with damaged livers 
b blv represent nearly maximum values, since all 4 patients were 
y 1 least five days prior to their operation and received a 
hospi a ize^^ during that time and in addition were 

high cai 0 ’ glucose feedings up to within three hours before 

given supp e tending to avoid the drop in hepatic glycogen due 

their opera ion, marked in high carbohydrate fed animals, 

to fasting wnic i Qhicogen During Operations Under Spinal Anes- 
Clianges Aiae' variations during operation of the glycogen 

tliesia.— Table H s oz ^ exception of 

content of the human ■ 



JIAG INTYRE ET .VE. : GLYCOGEN CONTENT OF HUMAN LIVER 725 


3etoi' against liver damage is not definitely knoMTi altliongh a specific 
ction of methionine has been suggested.^^ IMirski and his associates*^ 
elieve tliat it is due to intensified glyeoneogcnesis. Goldschmidt and 
lis eo-workers^^ explain the proteetii'e action of a high protein diet as 
'primarily the result of protein available to the liver as a result of the 
ligh protein intake.” They do not believe tliat the hepatic glycogen 
is a factor in preventing liver injury due to chloroform. A high pro- 
tein diet may be contraindicated in cases wdiich have definite hepatic 
pathology, since Bollman and Mann*=’ have shown that the survival time 
and general ivell-being of a dog with ob.structive jaundice are increased 
when fed a high carbohydrate diet, and diminished when fed a high 
protein diet. Moise and Smith** demonstrated that the most active 
regeneration of liver tissue occurred when the subject was fed a well- 
balanced stock diet. Stone*- confirmed this but also found that a high 
carbohydrate diet was almost as effective, while a high protein diet 
showed considerably less regeneration of the liver. 

Whether or not the protection of the liver from damage due to spe- 
cific hepatic toxins and its subsequent regeneration is a matter of pro- 
tein or carbohydrate feeding, and there is evidence of value for both, 
the pi'actieal point is the relative ease with which the carbohydrate m- 
talce ean be markedly increased just prior to operation. In our patients, 
supplementary glucose feedings in the twelve hours before tlie opera- 
tion raised the glycogen content of the normal liver.s. In the damaged 
livers the hepatic glycogen value averaged 2.87 per cent compared to 
3.15 per cent for normal livers not receiving supplementary glucose 
feedings. We feel that 2.S7 jicr cent i.s a fair value considering the 
severe degree of liver damage pre.sent in onr cases. This study helps to 
confirm the opinion which has long been expi’essed by many surgeons 
on the supportive value of a well-choseii preoperativc diet in decreasing 
the stress of long, severe operations and of sustaining the had risk 
l>atient 

StMl-MARY 


Biop.sics were lalseii from tJic liver of 33 patients during their opera- 
tions and the peiventaws of glycogen in the liver were determined. 
The average hepatic glycogen found was o.fiG per cent and the values 
I'anged from 1.1 lo per cent. Observations were made according 
to the following givuips: 

f.’i-oup .1.— Tiie average value of hepatic glycogen in patients with 
noi'iiial livers opei-ated upon under spinal anesthesia was 3.15 per cent 
The lowest value was 1.1 and tlie highest wa.s G.31 per cent. 

dn.Hp n.-WlMi suj>p!emenlary ghico.se feedings were -ivcti to p-i 
tients with norma! livers in (he twelve hours preceding an operation 
earr.ed on u.uler spinal ane.stliesia, the average hepatic glvco-mn rose 
to O.o.. per rent ami the values ranged from 3.19 to per cent .Sup 
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Cii.se 3, no .sif>nifieant cliiui<fo in tlie liopalic {jlycogen occurred during 
operation, oven after the longe.st time interval of 142 minutes between 
llie hiop.sie.s Iiad elapsed. All pationt.s were given tlie .same preopera- 
tive medication, morphine sulfate i/i gr. and scopolamine gr- The 
patient who did sliow a significant drop, Case 3, did not do well at any 
time after the operation, which was followed by shock. Pier course was 
gradually downhill and re.si)iratiou ceased on tlie fourth postoperative 
day, the final cause of death being ma.ssive left pulmonary atelectasis. 
One of the jialients. Case 13, died of a pulmonary embolism while on the 
operating table. The other jiaticnts did well following their operation. 

Rchtlion of Liver (Ihjcof/cn In Postoperative Course . — We cannot state 
whether or not those eases wdth high liver glycogen had the best post- 
operative courses. Nineteen had an uneventful iiostoperative convales- 
cence without fever, nausea, vomiting, or other eomplications. The 
average amount of glycogen for this group was 4.04 per cent. Nine 
jiatients had fair jiostojierative cour-ses; that is, the}' either had tem- 
peratures elevated above 100° F., or had nausea, vomiting, or other 
mild complicalion.s. The average percentage of glycogen for this group 
was 4.11 [ler cent. P''our patients had very poor, stormy, postoperative 
courses, and their hepatic glycogen averaged 3.17 per cent. The lower 
percentage of glycogen found in these 4 patients may be significant, but 
no definite conclusions can be drawn because of the small number of 
cases studied and the many variable factors involved. The postopera- 
tive course of any patient ma.v be upset by numerous factors unrelated 
to liver glycogen. But in the care of the .seriously ill patient food ele- 
ments cannot be neglected and the value of a liigh carbohydrate diet in 
preventing liver damage from specific hepatic toxins and its efficacy in 
the treatment of hepatic disease has been well shown in animal experi- 
ments. Eoger,^'’ in 1887, first demonstrated the value of glucose in the 
detoxification of phosphorus l\r the livers of animals. Beddard,^" in 
1908, first suggested its use in chloroform poisoning. Opie and Alford, 
in 1915, were the first to show experimentally that a diet high in carbo- 
hydrate gives protection against liver damage due to chloroform and 
phosphorus. Since then their work has been confirmed in the lab- 

oratory."=-=‘" 

That a high carbohydrate diet with a resulting Jiigli hepatic glycogen 
■ not the only factor involved in the prevention of liver damage is well 
and that protein is just as important, if not more so, has also 
mow ^ established. Goklschmidt, Vars, and Ravdin’’* have 

been severity of liver damage due to chloroform poisoning is 

shown concentration of lipid.s in the liver-. They 

primaii y value of a high carbohydrate diet is due to its action in 

believe tha i lipids in the liver and also due to its protein 

decreasing tie a ......jner in which a high protein diet acts as a pro- 
sparing action. 
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pleiiieiitaiy {glucose feedings thus inei-eased the average liver glycogen 
of Group 11 GO per cent over that of the control Group A. This shodd 
)e of definite value in lessening the stress of long, severe operations and 
ui sustaining the bad-risk patient. 

Group C'.— When supplementary feedings were given to patients Avith 
noinial livers in the twelve hours preceding an operation earried on 
undei nitrous oxide and ether anesthesia, tlie average hepatic glycogen 
value Avas 4.72 per cent, and the range 3.91 to 5.75 per cent. This 
average Avas slightly loAver than a similar group (Group B) operated 
upon under spinal anesthesia. 

Group D. — AVith supplementary glucose feedings 4 patients Avith ad- 
vanced liver damage shoAA'ed an aA'crage hepatic glycogen of 2.87 per 
cent and a range of 2.7 to 3.14 per cent. 
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reported the bacteria found in the gall bladder wall and its contents in 
92 eases; the wall was sterile in 67 per cent and the contents were 
sterile in 67 per cent Bacillus coli was present in the wall in 11 per cent 
and in the contents in 16 per cent. In d eases ivith obsti’uetion of the 
common duct, B. coli was isolated in 1 ease, and B. coli and B. welcldi 
together in the other 3. If the cystic duct was closed, the acute cases gave 
positive cultures in S of 11 cases, but in the chronic group, the cultui’es 
were sterile in 9 out of 10 cases.^ Andrews’ bacteriologie findings indict 
the B. coli as the organism associated with most of his postoperative dis- 
asters. It was found in 9 eases ; in 3 instances the patients died ; a fonrth 
patient developed a large postoperative abscess in the gall bladder bed; 
in the fifth patient profuse wound suppuration occurred resulting in 
hernia; the sixth patient bad a fever of 105° P. following cholecystec- 
tomy ; the seventh patient near!}' died of paralytic ileus and enormous 
distention.^ 


Hanssen and Yurevieb'’ in 1935 reported the ozganisms cultured from 
the biliary tract in 104 cases at operation; 67 per cent were sterile and 
33 per cent were infeeted. The location of the organisms in the infected 
eases was gall bladder wall, 85.2 per cent ; gall bladder bile, 59 per cent ; 
cystic duet node, 38 per cent; gallstones, 24 per cent. In 10 of the 34 
infected eases the organism present was the B. coli. Hanssen and 
Ym-evieli collected the results of eultnres of the biliary tract reported 
by others; B. coli was present in from 5 to 54 per cent of the infected 
biliary tracts, iilailcr in the examination of fifty surgically removed 
stone-bearing gall bladders found B. coli in 5 cases. 

Aronsohn’s experiments" in animals indicate that an increase in the 
luuuher of bacteria in bile .seldom produced a reaction in the gall bladder 
wall when the techiiuiue Avas uoutraumatiziug. However, in many eases 
tiie same organisms imiceted through the gall bladder wall direetlj- or 
AVitii aceozttpan.ving ligation of the common or cystic duct produced 
severe or even fatal cholecystitis. The hitter findings and the haeterio- 
logic findings of Andrews appear to indicate that infection does not 
become a .significant factor iu many instances of biliary tract disease 
unless there is an accompanying erosion of the gall bladder wall by 
stones or ohstruetiou to the outflowof bile. 


('onsideraWe evidence has been brougiit forth that cholecystitis is not 
by any means always an infections process.^ The strc.ssing'of chemical, 
mechanical, vascular, toxic, and anatomic i'uctois in the initiation of 
many of the acute gall bhuhlcfs should not permit one to lose sight of 
the fact that infection may l)e supcnulded and (liat there i.s a fair 
number of acute gal! bladders wbicb are of the jnuely infeeted tv;>e from 
ln'ginuiin; to end. 

How does the infection in (he biliary tract cause the .septicemia? Is 
the bihary tract infection a localization of a .sepsis orteiuiating from 
some other loims, lu experimental .septicemia Chabrol and his asso- 



COLON BACILLUS SEPTICEMIA ASSOCIATED WITH 
ACUTE CHOLECYSTITIS 

Bkivjamin LipsriuTz, JI.D., and Louis Kaplan, 3I.D., 
Philadelphia, Pa. 

(From the Surr/ical Service of the Mount Sinai Hospital) 

/^OLON biicilhis septicemia itself is not common, and its association 
witii acute biliary tract disease has been described very infrequently 
in recent medical literature. The present study is based upon three 
cases of colon bacillus septicemia associated with acute cholecystitis 
encountered within a period of fourteen montlis. Individually these 
cases presented clinical pictures which made tlie diagnosis difficult. On 
reviewing the group certain clinical aspects appeared, which deserve 
emphasis because of their diagnostic value. 

Colon bacillemia maj' occur in three forms; (1) as an acute and per- 
sistent septicemia from the outset; (2) as a temporaiy bacillemia im- 
mediately after trauma, surgical or otherwise, to an area infected with 
colon bacilli; and (3) as a terminal bacillemia. 

The cases to be described are of the first type, an acute colon bacillus 
septicemia vdth signs pointing to the gall bladder as the portal of entry. 
A positive blood culture was obtained in each case prior to operation; 
hence this was not the fleeting bacillemia which may occur after trauma- 
tizing an infected focus, as might be the case if the cultures were taken 
immediately after operation. Nor was the bacillemia a terminal phe- 
nomenon, since two patients are living and well, and the third lived 
for thii'ty-five days after the first positive eultui-e. 

The infrequency of colon bacillus sepsis may be inferred from the 
meager literature on the subject. In 1909 Jacob’ was able to collect but 
36 cases from the literature. To these he added 13 of his own. In 3 of 
his 13 eases and in 15 of the 36 collected cases the biliary tract was 
indicted as the primary focus. In 1924 Felty and Keefer® reported 28 
eases of colon bacillus septicemia and reviewed the literature to that 
date. They were able to identify the portal of entry as urinary, genital, 
intestinal, or a wound. In none of their cases was the oi-igin from tlie 
biliary tract. Since 1924 we have found 39 cases of colon bacillus sepsis 
ted in the literature.® Nine of these cases were apparently asso- 
ciated with acute lesions in the biliai-y tract such as acute cholecystitis, 
ToUion duct obstruction, or cholangitis. 

RKL mONSHIP OF COLON BACILLUS TO BILIARY TRACT DI.SEA.SE 

1 f bacteria in the biliary tract may vary from that of 
The role o virulent invasion. Andrews and Henry’ in 1935 

innocuous resiaenc.> 
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Summaries of ease reports of colon bacillus septicemia associated with 
acute lesions in the biliary tiact in the available literatiiie from 1924 
to 1939; 

Simon^'‘ reported 2 cases of colon baeiiins septicemia. The tiist patient 
was a female, 63 yeais of age, who became ill with nausea and vomiting, 
and tlien developed jaundice accompanied by chills and fever. She was 
admitted to the hospital three iieeks after the onset. Phisical e.vaniina- 
tion at that time showed some enlargement of the In er, red nodules on 
the legs, and evidence of a peripheial neuritis. The blood cultuie 
showed colon bacilli. The leueocite count ranged fiom 4,000 to 13,600. 
There was no elevation of the blood bilirubin Slie became piogressively 
woise and was opeiated upon. A mild peiicholecystifis ivithout stones 
was found, and eholecj'stectomy iias perfoimed. Her feier subsided tiio 
days after the operation and she lecoieied. 

The second patient was a female, 50 yeais of age, who had suffered 
from cholecystitis for several yeais For loin teen dais befoie admission 
she had seveie pain m the right upper abdomen, jaundice, daik urine, 
light stools, chills and fever. After eight days the right arm suddenly 
became paialyaed The ])ain became milder and the patient became 
stupoious Oil admission the patient was comatose and jaundiced The 
abdomen iias not tender, the Iner was palpable in the mulline. The 
urine showed albumm and easts and was positive tor niobilinogcn. 
Blood: RBC, 2,700,000, Hgb, 48 per cent; AVB.C, 13,200, 16 per 
cent young foims Tiiiee days later the leucoeite count was 9,000, 34 
per cent young t'oims Van den Beigh test- diiect positiie leaction. 
the fever varied fiom 36 9 to 39 7° C The patient died tour dais alter 
admission Post-inoilcm ciamination disclosed dense adhesions betiieen 
the stomach and gall bladder iiith a gastiolnhaiy fistula. A suppinatne 
cholangitis uas picsciU. the pus containing B. coh in pme culture. Theie 
iieie multiple brain aliscesses, the pus containing Btaphylococcus (lurciib 
and B cob, the latter [iicdoimnatiiig. 

Sison and Cru/,"’ lepoited colon hacilhis sepsis in a male 20 leai-s of 
age The onset is as siuhlen and aceoinpanied by lomiting, epigastric 
pain, and headache lie gave a history of tno pieiious similar attaelis 
(tu admission the tempeiatiue isas 38'=’ (' The abdomen nas slightly 
tender and iigid in the right upper fpiaiiraiit. The leucoeite count 
lavied fiom 13,000 to 21,600 The patient became piogiessn'ely uoise 
and dnd shortly alter admission The blood cultuie nia<le eight hoius 
ante moitein shossed B ioI> The elmieal diagnosis lias ehoffeisdtis 
eliuh-litlnasis. and aciile hepatitis At post-nioifem the original foeiis of 
init < lion uas found to he in the hihaii tiaet 


Hoiei ■ lepoited colon h,ieillus septieeniia in a male 31 veais of 
The onset oeeiuud time or four dai^ befoie admivauir Thtie Va' 
iiialaiM. pain in the lner .m-a, and a feier up to 39=’ (' On the d *n 
hmme admission tl.e jMtui.i heeanie stupoious and jaumheed oi 
phi Meal examination the jaundne and stupor iie.e sum ami fheie uei. 


fie ueie 
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ciate.s Jiave sliown tliat orgaiiisiiis injected intravenously are excreted 
by the liver and llie kidney in the first six to eight hours. 

When there is biliary obstruction, the liv'cr defense against sepsis 
diminishes, and organisms wliicli would ordinarilj^ have been eliminated 
rapidly might stay longer in the circulation. One would also e.xpect an 
accumulation ot organisms behind an obstruction in the common duet, 
and Andrews’ lindings’’ bear this out, 

Lengupta’s experiments” with intravenously injected colon bacilli 
I)ossibly elucidate the pathology of the enoi'inous thickening of- the gall 
bladder wall seem in Jiiany acute cases but do not indieate an explanation 
for the sepsis. Intravenous injection of B. coli in a normal animal leads 
to an accumulation of bacteria in the liver and capillary thi’ombi. In 
the sensitized, vaccinated, or reinjected animal there is rapid lysis of 
the injected organisms without definite cellular reaction; the luipfer 
star eells do not react. Repeated hematogenous infection of the liver 
and biliary tract leads to chronic irritation of the gall bladder and 
biliary tract in which there is infiltration with large ljmiphoe3’tes and 
thickening of the walls. 

The venous drainage from the gall bladder is into the portal system. 
When the gall bladder is a focus of infection with B. coli, huge num- 
bers of bacteria ai'C iJi'obabl^^ being poured into the liver direetlj’’ rather 
than into the general circulation, as nmuld he the case with a focus in 
the urinaiy tract or genital tract. Thus the liver defense may be over- 
whelmed. This maj" be the explanation for the extxemel}’' toxic condition 
of these patients. 

Patej^ and Whitbj''- injected bacteria into the poifal vein and found 
the organisms in the general circulation after a few minutes. This 
would suggest that the liver is only part of the defense against the 
organisms which enter the portal circulation from the intestine, and 
that a septic focus draining into the portal system as does the gall blad- 
der may cause a septicemia almost as readilj" as a septic focus elsewhere ; 
but in most eases the organisms and their toxins are altered out in the 
liver and maj'’ never reach the general circulation in sufficient numbers 
for them to be found in blood culture as would be tlie ease if the septic 
focus were elsewhere. 

Colon bacillus infection of the duodenum may have some relationship 
biliary tract infection. Grunke’^ was able to recover B. coli from 
G duodenum in 48 per cent of 121 patients presenting sj^mptoms of 
1 -r r tract involvement. Colon bacillus infection of the duodenum is 
“^^'TLnmon beyond the age of 40 years; only 11 of 130 eases occurred 
most CO years. Similarly the majority of the patients with 

under tie an associated with cholec.vstitis are more than 40 

colon baci u ^ striking parallelism in the age groups 


roups of 


jmars of age. associated with cholecystitis, and colon bacillus- 


colon bacillus septicennm^^^^^ frec]uent beyond the age of 


infection of the 
40 years. 
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Fast Medical Bistory . — Diabetes mellitus for three years, an attack of biliary 
colic sue months before, dypnea on exertion for some time, and recurrent backache 
for the past six months. 

Physical examination showed a well-nourished male, drowsy, cyanotic, and dyspneic. 
Eectal temperature, 104.4° F.; pulse rate, 136; respirations, 42; blood pressure, 
114/84. The nasopharynx showed evidence of an acute ethmoiditis. Chest: Fine 
crepitant rales were found at the bases of both lungs with diminution of reso- 
nance. Abdomen: Moved w'ith respiration, reflexes present, no palpable masses, 
no definite tenderness, no rigidity of the muscles except for an increase in resist- 
ance to pressure in the right upper quadrant, and marked diffuse distention. 
Urine: Acid, specific gravity, 1.011; trace of albumin; sugar, 1.1 per cent, acetone, 
plus 2; W.B.C. 2 to 3; occasional fine and coarsely granular casts; occasional 
hyaline casts. Blood: Hb., 100 per cent; E.B.C., 5,260,000; IV.B.C., 33,800 with 
92 P.M.N. (44 nonsegmented, 48 segmented); blood sugar, 300; urea nitrogen, 
19.6; CO. combining power, 54 volumes per cent. 

Tentative diagnosis on admission: lobar pneumonia, diabetes mellitus, myo- 
cardial impairment, chronic biliary tract disease. The abdominal signs appeared 
to be accounted for by the pulmonary pathology. 

Chest x-ray on the day of admission showed no evidence of pulmonary con- 
solidation or pleural effusion, and the diaphragms were normal. A blood culture 
made on the same day showed a growth of B. colt. An electrocardiogram indicated 
severe myocardial disease. 

The patient was treated by administration of glucose and saline solution 
parentcrally, insulin, oxygen, and other supportive medication. Small amounts of 
carbohydrates were given orally. From April 5 to April 9, 1937, his condition 
improved. The temperature, pulse, and respiratory rate fell to 100.6° F. rectally, 
90, and 26, respectively, and the abdominal distention subsided. Another blood 
culture showed B. coli. 

On April 10 ho again became drowsy and restless and the temperature rose. On 
April 11 he became more toxic and irrational and the temperature rose to 104.6° 
rectal. Abdominal examination disclosed only some resistance in the right upper 
quadrant. There was no evidence of a lesion acute enough to account for the 
septicemia, although a biliary lesion was considered. A transfusion was given. 
Chest x-ray showed no changes except for a few small, poorly defined areas sug- 
gesting early bronchopneumonia. On April 12 his condition became even worse 
and ho appeared to be in extremis. Abdominal examination now disclosed a mass 
in the region of the gall bladder. A scout x-ray film of the abdomen showed only 
gaseous distention of the stomach. A cystoscopy done to exclude a lesion of the 
right kidney was negative. After another transfusion the patient was subjected 
to an exploratory operation under local anesthesia. An acute gangrenous chole- 
cystitis was found. The gall bladder had perforated, and abscesses had formed 
contiguous to it in the liver. The gall bl.adder was removed, clamps being left 
on the cystic duct, artery, and .some .smaller ve.sscls because the ti.ssucs were too 
necrotic to hold ligatures. The wound was packed. 

The patient was practically moribund. lie improved slightly after a transfu- 
sion in the evening, and after another transfusion on the following dav he was 
definitely on the mend. 

f'ulture of the cystoscopic urine .showed />. coli and culture of the bile obtained 
at operation showed />. coli and 7>. trclchii. 

.\ttempts to prepare a bacteriophage for the colon bacillus failcil. Blood cul- 
tures made on .\pril 1 1 and on April 19 .showed no growth. Treatment was con- 
tinued by parenteral fluids; insulin, etc., and carbohydrates by mouth were st.'irtcd 
late on .\pril 1.3. By .Vpril 1.1 he was definitely out of danger, and the chimps in 
the wound were removed. There was no hemorrhage, but there was marked drain- 
age of purulent nuiteri.'il which decren.-ed daily. Another transfusion was given 
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convulsions. Aside from sliglit enlargement of the liver there were no 
palpable lesions of the biliary tract. The leucocyte count was 16,200 and 
the blood culture was positive for colon bacillus. The patient died one 
day after admission and at the post-mortem examination an acute chol- 
angitis M'as found. 

May and Boulin^^ reported a ease of colon bacillus septicemia in a 
patient with severe jaundice simulating acute infectious jaundice (spiro- 
chetosis icterohaemorrhagiea). The etiology was not determined. 

jMeluotte, Pierre, and Parjot^^ reported a case of colon bacillus septi- 
cemia accompanied by jaundice and intei’inittent fever. 

Lemierre, Augier, and Mahoudeau-Campo 3 ’’er'”' reported colon bacillus 
septicemia in a male 74 j'eais of age. The patient became ill six days 
before admission, complained of severe pain in the right upper quadrant 
of the abdomen and of chills. The examination on admission showed 
jaundice and a mass in the right upper quadrant. Temperature was 
38.5° 0. Urobilinuria was present and a blood culture made two days 
after admission showed the colon bacillus. Three daj^s after admission 
the patient improved and the temperature beeame normal. No operation 
was performed. 

Garcia^"' reported colon bacillus septicemia in a female 38 years of 
age. The onset was abrupt and accompanied by chills and fever (101 to 
103° P.). Phj'-sieal examination show'ed tenderness and a mass in the 
right upper quadrant of the abdomen. Leucocyte count was 8,000 to 
9,000. The patient was treated by biliaiy drainage bj^ mouth and recov- 
ered mtliout complications. 

Davis and Tui-ner^^ reported a colon bacillus septicemia in a female 35 
years of age. About two j^eaz-s prior to admission she had been subjected 
to operation for stones in the gall bladder and common bile duct. The 
gall bladder had been removed and the comzizon duct had been cleai’ed of 
all stones and drained by a rubber tube. Recovery was uneventful. One 
day before admission the patient was seized with violent izpper abdomi- 
nal pain, vomiting, and fever (103.2° P.). After admission she de- 
veloped slight jaundice and violent ehiUs, and repeated blood cultures 
showed colon bacilli. Colon bacilli in puz-e cultuz-e were repeatedly 
found in the ui-ine. Injeetiozzs of colon bacillus vaccine were given. 
X-i’ay of the abdomen disclosed manj' small calculi in the common bile 
duct The patient z-efused operation after the symptoms subsided and 
was discharged twentj’'-three days after admission. 

CASE REPORTS 

W. W., aged tO years, a physician, was admitted on April S, 1937, 
..omnlaining of malaise, fever, and abdominal pain. He gave the following his- 

r- He had been, in good health until April 2, 1937, when ho began to have 
the right upper quadrant of the abdomen, suggestive of biliary colic, and 
pain in elevation of temperature to 102“ F. The pain disappeared in 

'^b'^°T^t^enty-four hours, but the fever persisted. He became to-vic and drowsy 
and was taken to the hospital. 
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Case 3. — Mrs. J. E , aged 65 j ears, was admitted to tlie hospital on June 5, 
1138, complaining of feier and pain in the back. >She gaie the foUomng historj ; 
bhe had been well until one week before admission, when she began to ha\e dulls, 
fever, and sweats, said bj her phjsieian to resemble those of malaria. These 
recurred daily. On the dav before admission she began to have pain in her back, 
which persisted. There had been no respiratory, gastrointestinal, or urinary 
sv raptoms. 

Physical examviatton showed an elderlj’ white female, djspneic, and exhibiting 
marked ojanosis. Temperature, 102.4°; pulse rate, 140; respirations, 30, blood 
pressure, 170/74. Head, negative, except for slight fetor oris. Chest’ a few 
rales in the left lung base, auricular fibrillation with pulse deficit. Abdomen: 
marked distention, palpation verv diihcult Liver palpable, shghtlv below the 
costal margin. An umbilical hernia of moderate size, reducible, was present. 
Tentativ e diagnosis on admission Septicemia of unknow n origin, possible pyelitis, 
hypertensive cardiovascular disease, umbilical hernia. Urine acid, specific grav 
ity, 1010; trace of protein; 8 to 10 WBC.; occasional HB.C, very occasional 
hyaline and fine granular casts. Blood Hb., 90 per cent; K B.C , 4,660,000; 
WB.C., 23,700; polymorphonuclears, 89 per cent; blood sugar, 100; blood urea 
nitrogen, 31; icteius index, 18; van den Bergh test, very faint biphasic reaction. 
A blood culture made on June 6 showed P colt 

The patient had chills and fever for the next few davs. The abdominal findings 
were practicallv nil until June 9, when marked tenderness and rigidity were noted 
in the right upper quadiant. Jaundice became visible Sulfanil.imide gr xx four 
times daily had been started on Tune 5 It was discontinued on June 9. 

The patient was given glucose parenterallv and was then operated upon without 
further delay (June Under loc il anesthesia, supplemented by small amounts 
of nitrous oxide and oxvgcn, a right subcostal incision was made The gall 
bladder was gangrenous and had perforated. The necrotic gall bladder was re 
moved down to the ampulla, into which was fixed a rubber tube. A gauze dram 
was placed in the hepatic gall bladder bed 

P coh was isolated from the bile removed at operation. Anaerobic cultures 
showed no anaerobe-- Immediately following operation the patient received a 
transfusion and glucose and saline solution parenterallv In the next few days 
her temperature remained high (11! to 114°) .She then improved and a trans 
fusion was given on June 11 On June 12 her jaundice vvas much less, her heart 
was not fibrillating, and she vvas taking liquids well. The wound was draining 
profuselv Abdominal x rav (scout filmj on .June 4 showed considerable gaseous 
distention of the stomach with slight g istous distention of the transverse colon. 
The diaphragms appeared normal 

On lune 16 she beiaine worse A blood culture showed no growth. For the 
next few d iv s she .igiin hid chills Her condition continued septic and downhill. 
On .Tune 21 another blood culture slic»wed no growth. On .Tune 2! chest x rav 
showed no tbnorm ilities of the lungs or diaphragm Blood culture on .June 2.5 
showed no growth On lune 2s the draining sinus w.is injected with sodium 
iodide X rav showed i trad 12 cm in length and 1 i in wide iiid gave no other 
information Another trinsfiision w.is given on .lune ’,1) Her condition con 
tinned unihingid c xi i i>l for i moderite t.ill in the level of fever. On .lulv .> a 
trinsfusion w is given On Jiilv 0 tin fevi r iin re I'l d and bv ,Julv 11 the level 
was 11 ; to 11 U No dehniti foi us of sup|iiir itioii could be identified. .V «ub 
hep itu Huiijmr ition w i« siisjciitid, ind sime the pitient w is still losing ground 
the wound was opi ni .1 uinb r nitrous oxide .me stln si.t on .Tnlv 12 So definite 
lesion .V IS louinl 1 irlv on tin following morning she haci in abrupt rise in 
tcnqcrifurc c III rn 1 illv i ind piil-t rile (ll.ili 'I'he blood jiressiire w is Sj/70 
ishe b. . line irriiioiiil ind |.ul‘c b ss md dud iboiit twe nty four hours .iftc r her 
SIC on.] ojiir.ition Bloo'l i ultun lil'iii.fuly lo w is n< g itive 



736 


SUnoEKY 


T* O- 1 ^*’’ '■" recover without any furtlier complications. 

April -< he was allowed out of bed, the temperature being almost normal, and 
-May 11 he was discharged in goo<l condition. 


On 

on 


Pathologi.st’s report on the gall bladder: "Gangrenous cholecystitis with sup- 
purative pericholecystitis. ’ ’ 


Ca.sk 2. S. iM., a white male, -18 years of age, was admitted on May 2, 1937, 
complaining of fullness and discomfort in the upper abdomen for three days and 
an acute attack of epigastric pain, miusea, and vomiting for two and one-half hours. 

llintory.—llii had been in his usual health until three days previously, when he 
iiw olvc feeling "out of sorts. following breakfast he developed a marked sense 
of fullness and distress in the upper abdomen with some reference to the right 
shoulder. Later in the day he was given an enema and a saline purge. He felt 
somewhat improved until 7:00 l>.ir. on the night of admission when he again began 
to have epigastric discomfort and pain which became progressively more severe. 
Xausea and vomiting followed. His physician had him taken to the hospital 
immediately. 

Physical examination showed a well-developed, dark-complexioned middle-aged 
male, drowsy, and apparently acutely ill. Temperature, 101° F.; pulse, 120; respi- 
rations, 20; blood pressure, 120/80; head, neck, and chest were negative. The 
significant findings were abdominal; a marked distention with a tense abdominal 
wall. Determination of tenderness was un.satisfactory because of prior adminis- 
tration of morphine. A marked increase in muscle tonus was present in both 
upper quadrants. Peristalsis was beard throughout. The abdominal reflexes were 
absent. Urine: aei.d, specific gravity, 1.021; very faint trace of albumin; 2 to 4 
W.B.C. Blood: W.B.C., 16,400; polymorphonuclears, 87 per cent. 

Tentative diagnosis: cystic duct obstruction with acute suppurative cholecystitis. 

Symptomatic treatment was given. On the following day (May 3) the temper- 
ature remained about 102° F. He felt slightly improved. An electrocardiogram 
indicated myocardial damage but no infarction. Blood count: Hb., 90 per cent; 
R.B.C., 4,540,000; W.B.C., 10,250; polymorphonuclears: 91 per cent. 

On Maj' 4 abdominal x-ray showed a distention distal to the hepatic flexure, 
indicating a colon lesion at that point or .a lesion in the right upper quadrant. 

A blood culture was reported positive for If. coli. The abdominal pain became 
much more severe. Physical examination of the abdomen at this time disclosed 
a very tender tense mass in the right upper abdomen. At noon there was a severe 
chill with a rise in temperature to 105° F. A diagnosis of gangrenous cholecystitis 
was made and an emergency operation was performed about 5:00 p.M. after the 


administration of glucose and saline solution. 

Under spinal and nitrous oxide anesthesia a right subcostal incision w-as made 
and a large distended gall bladder was exposed. The liver w-as dark and largo. 
The vail bladder was aspirated and then removed after ligation and division of the 
cystic duct and artery. A gauze drain was put down to the gall bladder fossa of 
the liver and the abdomen was closed. Subsequently culture of the gall bladder 
bile showed B- coH. Anaerobic culture showed no anaerobes. 

The patient received a transfusion of 300 e.c. of whole blood immediately after 
■ t' ' Sufficient glucose and salt solution was given in the following thirty- 
‘ Atay 5 (the day after operation), catheterization was necessary. 

Ar°'"r the 'temperature dropped to 100° and a slight jaundice developed. Blood: 
On May wnf 17900; polymorphonuclears, 84 per cent; sugar, 198; 

Hb., 100 icterus' index, 12.8. The .symptoms cleared up 

nrpn. iN. normal on 9. He was tliHehar^'ed on May 


urea, N. 24.:^; ciuonuco, 
promptly and the temperature 
17 in goo'^ condition. a i 


thickness, mucosa appeared 


Pathologist G report on gall bladder; Wall average in 

1 «»Yfi Tin 1151 f Ifili • ^ * C'.\i rru\ i O /tllTlIo. 


normal. Microscopic oxainimition: "Chronic chole- 


cystitis. ’ ’ 



LIPSHUTZ AND KAPLAN: COLON BACILLUS SEPTICEJDA 


739 


convulsions. Ordinarily the colon bacillus is not of great virulence, 
so that the toxemia seems disproportionate. It may perhaps be due to 
toxic hepatitis with impairment of the detoxifying function of the 
liver and in part to dehydration. 

It might he expected that such a violent infection within the abdo- 
men would be clearly manifested by abdominal symptoms and signs. 
This is not the case. The abdominal symptoms may be masked by 
toxemia and drowsiness or coma, and the signs may be masked by 
distention of the colon and slight reflex rigidity. Case 1 on admission 
showed a diffuse abdominal distention and a very slight increase in 
resistance to pressure in the right upper quadrant. Definite signs 
pointing to the gall bladder, a tender mass in the right upper quadrant, 
did not appear until seven days after admission. Case 2 on admission 
exhibited marked abdominal distention and an increase in tension of 
the abdominal muscles, mainly in the upper quadrants. Two days 
later a tender mass was found in the right upper quadrant. Case 3 
on admission also showed striking abdominal distention. There were 
no other signs except for a palpable liver. Not until four days later 
did tenderness and rigidity appear in the right upper quadrant. In 
retrospect, the significant finding was the distention. 

The laboratory findings include not only blood cultures positive for 
B. coli in the three eases, but also cultures of B. colt from the gall 
bladder bile. Li Case 1 B. ivelchii was also found in the gall bladder 
bile. In this ease the urine obtained during cystoscopy also showed 
colon bacilli. The leucocyte counts on admission varied over a wide 
range; Case 1; 33,800 polymorphonuclears, 92 per cent, 44 nonseg- 
mented, 48 segmented; Case 2: 16,400 polymorphonuclears, 87 per 
cent ; Case 3 : 23,700 polymorphonuclears, 89 per cent. Elevation of 
the icterus index was recorded in 2 eases, and it was probably toxic 
in origin. 

DIFFERENTI.VL DIAGNOSIS 


The relative insignificance of signs pointmg to the gall bladder made 
identification of the true condition very difficult. In Cases 1 and 3 the 
signs at the lung bases and the abdominal distention suggested earlv 
pneumonia, possibly pyelitis, as the cause of the symptoms. The simis 
at the lung bases were explained later by the biliary lesions. Dia- 
phragmatic irritation or inllamiiiation is common in acute suppurative 
biliary tract disease, and after perforation of the gall bladder, actual 
.subphrenic suppuration is not rare. The local peritonitis e.xplained the 
distention. 

After the primary focus was removed, the sepsis subsided quite 
rapidly. In Case 3 tl.e persLstent fever was due probably not to sepsis, 
since repeati^d blood cultures were negative, but to a purulent collection 
about tlie spleen. Metastatic absce.sses were identified onlv in the fatal 
case, two very small ones in the left renal corte.x. 
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SURGERY 


Pathologist’s report on gall bladder: “Acute gangrenous perforated chole- 
cystitis; cholelithiasis.” 

Autopsy Gastrointestinal tract: stomach, moderately distended; small 

intestines, moderately distended and covered by a thin layer of exudate; colon, 
normal; liver and gall bladder, cystic duct dilated; common duct slightly dilated; 
bile, dark, not purulent; liver, large, no abscesses; microscopic, hemorrhagic 
hepatitis, widespread, advanced, cloudy swelling, fatty infiltration; spleen, large, 
soft, pulpy, and dark. A localized collection of pus was present at its root in 
contact with the pancreas. It was walled off by the splenic surface and the re- 
gional fat. Adrenals, medullary degeneration: kidneys, cloudy, swelling in right, 
left, in addition to cloudy swelling, showed two cortical abscesses 2 mm. and 3 
mm. in diameter. 


COMJIENT ON PRESENCE OF B. WELCHII IN BILLVRY TRACT 

The presence of the B. welchii in the wall and contents of the biliary 
tract without the signs and symptoms of gas gangrene has been vari- 
ously reported. B. luelchii has been found in normal bile at autopsy. 
This association was noted by Branch who pointed out that this micro- 
organism, which is indigenous to areas drained by the portal system, 
is apparently held in abeyance by healthy living tissues. Andrews 
regards the B. welchii as of no significance, although he notes it may 
be present in the gangrenous gall bladder. In 210 cases in which gall 
bladder was removed at operation. Branch found the B. aerogenes 
capsulatus in the wall of the gall bladder in 8 cases; in the bile, in 5 
cases; and in the stones, in 7 eases. It was never the predominating 
organism. The B. toelchii may, however, in rare instances produce a 
true gas bacillus infection. Graef and Sturtevant found 9 cases of 
cholecystitis due to B. aerogenes capsulatus reported in the literature 
and added an additional case with post-mortem findings. Of the 10 
patients, 5 recovered and 5 died. (For literature on B. ivelchii and its 
relation to cholecystitis consult Graef and Sturtevant” and Lohr.”) 


COMPOSITE CLINICAL PICTURE 


Colon bacillus septicemia associated with acute lesions of the biliary 
tract starts abruptly in patients who are otherwise in good health. 
Two of our patients (Cases 2 and 3) were in fairly good health at the 
time of the onset and had no symptoms referable to the biliary tract. 
One patient (Case 1) was a well-controlled diabetic who had only a 
single attack of biliary colic six months before. This was character- 
istic also of almost all of the cases reviewed in the literature. The first 
symptom is often pain in the right upper abdomen, which may be very 
vere very mild, or rarely so slight as to pass unmentioncd, and 
• h'may subside rapidly due to gangrene and perforation of the gall 
iVn - '(Cases 1 and 3). Chills, high fever, vomiting, and perhaps 
V M •aiinclice come on simultaneously or follow in short order. In a 
^ the patient may become toxic, drowsy, and comatose, 
few clays ^ i-eviewecl cases, as well as our own, exhibited this 

A number o two or three instances by epileptiform 

intense toxemia, ai. 
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SURGl^RY 


TKKATMRNT 

I he most important i’actor in the treatment of a septicemia is the 
attack on tlie pi’imary focus. In the.se cases identification of the gall 
bladder as tlie primary focus was followed by cholecystectomy. An 
uiuiuestionably moribund patient was thereby saved (Case 1) and 
prompt subsidence of the infection occurred in Case 2, The fatal ter- 
mination in Case 3 .seems due rather to perforation of the gall bladder 
and subphrenic abscess than to septicemia. An earlier diagnosis and 
a prompt operation might have saved this patient. 

The value of parenteral administration of fluids to correct dehydra- 
tion and of transfusion for anemia and its supportive effect must not 
I)e underestimated. 

SUMMARY 

1. Three eases of colon bacillus septicemia associated with acute chol- 
eej’stitis have been presented. These cases are characterized by abrupt 
onset of severe or mild abdominal jrain, accompanied by chills, fever, 
and intense toxemia. After a few days signs pointing to the primary 
focus iir the gall bladder may be so masked as to make diagnosis e.x- 
treniely difficult. 

2. The literature on this subject has been briefly reviewed. 

3. Prompt cholecystectomy'- appears to be the treatment of choice. 
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the liver. This occurred in the days before a method of coagulating the 
wound to prevent such a mishap had been devised. The second fatality® 
occurred in a moribund patient Avhose general condition was too feeble 
to withstand any further manipulation. In the above collected 2,000 
cases there have been 11 instances in which the intestine has been 
accidentally perforated during the procediu’e and in no case did any 
fatality or serious complication develop. Except for a few examples 
of subcutaneous emph 3 "sema no other complications or accidents have 
been reported. 

TECHNIQUE 

I have been performing peritoneoscopies since earlj^ in 1938. The 
instrument used has been the Euddock peritoneoscope which has been 
found satisfactory in every respect but one ; namely, it would simplify 
the taking of biopsies if the biopsj’’ forceps could be fitted with a sliding 
collar as is the observation telescope. By this means tlie forceps could 
be slid back and forth within the metal sheath instead of sliding the 
sheath through the skin as is now necessary. The examination has always 
been carried out in a darkened operating room under strict aseptic 
precautions. The technique has followed that of Kubboek'^ which need 
not be redeserilied. I have found it helpful to lubricate the tip of the 
pneumoperitoneum needle and the trocar with sterile gtyeerine, as it 
is a distinct aid in their passing through tlie tissues. "When the nature 
of the lesion could not be determined bj' inspection alone, a piece of 
that tissue was removed for histologic study. This was neeessaiw in 
about one-fourth of the cases examined. 

CONTRAINDICATIONS 

There are certain types of ea.ses in which peritoneoscopy should not 
be u.sed. These are as follows; 

1. Acute al)doniinal inflammatory disease. Here the danger of 
spreading tlie infection is proliibitivc. 

2. Abdominal distention. In the.se ea.ses the intestinal wall is thinned 
out by distention and is too vulnerable to the possibility of perforation 
l)j' the advancing needle or trocar. 

3. Known intra-abdominal adhesions. This typo of case is not an 
absolute contraindication for many times by means of entering the 
abdomen at a site .some distance from the adherent area the examination 
can be satisfactorily and .safely carried out. It must be remembered, 
however, that all the known accidental perforations of the intestine 
have occurred in this group. 


indications 


l>ontoncascopy should be performed only with a specific purpose in 
mmd. It should be used to estahlLsh a differential diagnosis, to eon- 
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F) ERITONEOSCOPY lias attracted a good deal of attention in tJie 
recent American literature. It is a simple and relatively safe method 
of visualizing certain of the intraperitoneal organs or of obtaining a 
biopsy, if necessary, to establish a diagnosis. In selected cases it can 
replace the more serious procedure of an exploratoiy laparotomy. 
Whenever suitable this is a desirable substitution, for it is a minor 
procedure, performed under local anesthesia with a minimal risk and 
expense, requiring but one day’s hospitalization as contrasted with the 
two to three weeks’ hospitalization required for a laiiarotomy as well 
as its higher mortality and greater discomfort. 

Peritoneoscopy is not a new procedure but originated in 1901. In 
that year Ott,^ a Russian, inserted a sizeculum thi’ough a small incision 
in the abdominal or vaginal wall and by means of a head mirror in- 
spected the peritoneal cavity and its contents. In the same year and 
independently Kelling,^ in Germany, described a technique for what 
he termed coelioseopy. His technique was quite similar to the one 
now generally used and consisted of first creating a pneumoperitoneum 
with a small blunt needle, then inserting a Nitze cystoscope into the 
abdominal cavity and inspecting its contents. The method had been 
used only on dogs and was overlooked by the medical profession at 
large. In 1910 Jaeobaeus,^ of Stockholm, unaAvare of Kelling’s work, 
published an identical procedure by Avhich he had inspected the peri- 
toneal cavities of 17 patients Avith ascites. Jacobaeus made several 
subsequent reports recommending the procedure, and although Kelling 
later recorded his use of the method in human beings, the former’s 
name became more closely associated Avitli laparoscopy, as he tezmied it. 

In 1911 Bernheim'* at the Jolms Hopkins Hospital examined tlie peri- 


toneal cavity of 2 izatients by means of inserting a small bore procto- 
scope through the abdominal Avail and inspecting the various organs. 
He called this method organoscopy. Although successful, it Avas not 


well received and its use Avas abandoned. 

The present interest in the subject has been aroused chieflj" by the 
convincing Avork of Ruddock,® of California. He has published a large 
of examinations with such success that the method has become 
tablished as a diagnostic procedure. I have been able to collect 
^ -t • of over 2,000 peritoneoscopic examinations performed bj' 
the repor s operators. In this total series there have been 

tAventy- avo ... to hemorrhage from a biopsy Avoiind in 

2 deaths, 1® of AAiiicn 

.e^ore the ^ 

Jan. CO. 1041.^^^ 
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T*vble I 



SHACKELFOHD^S 

SEPJES 

COLLECTED FROit 

LITERATURE 

Normal abdomen 


11 

72 

Cirrhosis of liver 


10 

334 

Carcinoma of ovary 


S 

79 

Peritoneal implants 


6 

105 

Fibroid uterus 


•1 

47 

iletastases to liver 


■i 

107 

Adhesions 


4 

75 

Carcinoma of pancreas 


4 

s 

Hydrops of gall bladder 


4 

31 

Ectopic pregnancy 


3 

03 

Normal pregnancy 


3 

19 

Carcinoma of gall bladder 



9 

Carcinoma of rectum 


2 

4 

Carcinoma of stomach, operiible 


2 

S3 

Tuberculous peritonitis 



52 

Ovarian cyst 



63 

Peptic ulcer 


1 

0 

P. I. D. 

Failure of examination 
Incorrect diagnosis 

Total 

1 

3 

2 

81 

49 


C05IPLICATI0NS 


Thei-e have been no deatlis in my series and only 2 in the over 2,000 
eases reported. In one of my eases the intestine was perforated with 
the trocar. It was immediately repaired by suture and no sequelae 
developed. Ten other such mishap.s have been reported, but convales- 
cence was uneventful in each. In 9 of these tlie wounded intestine was 
immediately sutured, but in the other, which was perforated bj' the 
pneumoperitoneum needle, the needle was simply withdrawn and no 
attempt at repair made. 

In anotlier of m\- eases subcutaneous emphysema was an annoyance 
for six days but subsided spontaneousl}'. No other eomjilications have 
occurred. 

Biopsies were taken in about one-fourth of the cases without any 
barm fill effects. 


There were 9 failures and 2 incorrect diagnoses made. The first was 
the one in wliieh the intestine was perforated and the examination was 
not completed. In 2 other ea.ses den.se intra-abdominal adhesions pre- 
vented earryin;^ out the procedure. In another of my early eases in 
wliicb an abdominal ma.ss was pre.seiit, I stated no metasta.scs could be 
seen; however, later operation showed numerous small nodes in the 
omentum which the peritoneoseopist had not reeoLmized, althou.L'h they 
l,ad been seen. In another imstauce I was a-ain at fault in diamiosiim 
ovarian cyst in what turned out to be a distended loop of si-moid 
...umdit by a band of adhesion.s. This illustrated the i,oint that onlv 
D.ose lesions wlm-h can be identitied positively should receive a pasitivo 
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firm a clinical impression, or to determine tlie presence, extensiveness, 
and nature of a suspected mass. It will often disappoint if used only 
for a geneial tour about the abdomen without such a specific purpose 
in mind. 

In the usual case the greater part of the surface of the liver, the 
fundus of the gall bladder, the anterior wall of the stomach, colon, the 
surface of the omentum, imd the parietal peritoneum are easily visual- 
ized u'ith the patient supine. The spleen is not seen when normal in size 
unless the patient is placed on his right side, in which case its tip 
comes into view. If enlarged it can readily be examined in either 
instance. By iDlacing the patient in the Trendelenburg position, both 
tubes, ovaries, fundus of the uterus, eul-dc-sac of Douglas, and posterior 
peritoneal wall of the bladder can be examined. The appendix is only 
rarely observed, while the pancreas and kidnoj's are never seen, although 
a tumor of either may project or extend into the field of vision. As a 
result we have found the greatest use of tlie procedure in establi.shing 
the diagnosis of cirrhosis or malignancj^ eitlier primary or secondary, 
of the liver; tuberculous peritonitis; determining the operability of 
carcinoma of the stomach ; and identifying various lesions of the female 
pelvic organs. It also would seem that in all cases of ascites, peritoneos- 
copy should be performed at the time of abdominal paracentesis, as the 
procedures are identical, and a positive diagnosis can be established 
without additional risk or discomfort. 


RESULTS 


Sly personal results are best seen by consulting the first column of 
Table I. In the second column of that same table, for the purpose of 
comparing experiences, are listed the number of eases reported in the 
literature in which the same lesion lias been recognized by other opera- 
tors. There have been many additional conditions identified by these 
authors which are not included, as the list would be too long. 


A word of explanation should be made of a few of these groups, Tlie 
3 cases of normal pregnancy were individuals known to be pregnant 
but in whom an ectopic pregnancy was suspected. This suspicion was 
disproved and they went on to a normal delivery at the proper time. 
The carcinomas of the pancreas were not seen directly but were diag- 
losed by the histologic study of a biopsied malignant extension. The 
inomas of the rectum had been previously identified liy local hiop.sy, 
eritoneoscopy showed their inoperability due to the presence of 
^ 'n the liver. The 2 ca.sc.s of operable carcinoma of the 

metastases i known to have a large filling defect in the 

stomach vei ^vliom had an easily paljiahle ahdominal mass. In 

stomach an i gQiidition was considered to he clinically hopeless, hnt 
each instance ic mctastase.s to the liver or omentum, .and they 



TEANSTHORACIC, TRANSPLEURAL LIGATION OF THE FIRST 
PORTION OF THE LEFT SUBCLAVIAN ARTERY 

A Report of the First Case 

Arthur S. IV. Tourofp, B.S., M.I)., New York, N. Y. 

(From the Surgical Service of Dr. SaroUI Seiihof, the mount Sinai SospitaX) 

INTRODUCTION 

T he FIRST portion of the subdavian artery extends from the point 
of origin of the vessel to the inner border of the anterior scalene 
muscle. The right subclavian arises from the innominate artery at 
the level of the sternoelavieular joint. Thus, its first portion is short 
and relativelj’^ superfieiall}' placed. Since it often rises above the level 
of the inner end of the clavicle, it usually can he ligated readily through 
a supraclavicular approach. By contrast the left subclavian arises from 
the aortic arch and ascends through the superior mediastinum to the 
root of the neck. Its dust portion thus lies deeply vrithin the thorax. 
In order to ligate this portion of the ves.sel, the surgeon must either 
work at a considerable depth through a supraclavicular incision or 
approach the vessel more directly by removing portions of the clavicle 
and sternum or upper ribs. 

Ligation of the first portion of the subclavian artery was first per- 
formed by Colics’ in 1813. On that occasion, through a supraclavicular 
approach, he tied off tiie vessel on the rUjht side in a patient suffering 
from traumatic .subclavian aneurysm. In commenting upon his ca.so, 
Colics expressed the opinion that ligation of the first portion of the 
left subclavian was impracticable because of difficulty of access and 
the danger of injuring the adjacent pleura, internal jugular vein, and 
common carotid arteiy. It is interesting to note that at the time, prac- 
tically all contemporary British surgeons and anatomists concurred. 
In 1845, however, Rodgers" succeeded in ligating tlie fir.st portion of the 
left .subclavian and called attention to the danger of injuring the thoracic 
duct and the pleura during the coui'se of the procedure. Stimulated hy 
thc surgical exploits of Colics and Rodger.s, ligation of the fir.st portion 
of the right and left subclavian was attempted by others; and the 
operation, although not performed frequently, heenme firmly established. 

AUlioiigh the early observers were proved incorrect in their assump- 
lion that ligation of tiic first portion of the left .suhclavian was impo.ssi- 
hlc, the proceiliirc nevenhcle.vj wa.s, and .still I’eniaitus, difficult and 
hazardous. In thi.s connection the re}iort.s collected hy Halstcd’ of 22 
such afteiiii)t.s made between 184,5 and 1924 are significant. In only 
Tji^hc.sc 22 <-ases could the ve.vsel he a[)proachcd through a supra- 


ItooiiVi’il tor pahUc.itlun, l-Xti. T, I3it, 
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diagnosis, and if in doubt, the tissue should be biopsied, or if that is 
undesirable, it should mereb^ be described. No further raistalcen posi- 
tive diagnoses have been made. 


PRACTICAL RESULTS 

So far the discussion has centered on the academic side of medicine, 
concerning mainlj’’ the technique and possible diagnostic scope of the 
procedure. However, the method has practical value as well. By its 
means we have prevented the performance of what would have been 27 
useless laparotomies. In addition, 10 patients in whom operation was 
not being considered were found to have lesions requiring surgical inter- 
vention. In the remaining 44 patients a suspected diagnosis was con- 
firmed and the contemplated theraijy eai'ried out with the assurance 
gained b}’’ the removal of all doubts as to its correctness. 


SUMMARY 

1. Peritoneoscopy is a relativelj' safe and minor procedure. 

2. Its greatest value is in diseases of the liver, pelvic organs, tuber- 
culous peritonitis, and for the determination of the nature and extent 
of malignant tumors. 

3. It should not be used in cases with acute inflammatory conditions, 
abdominal distention, or multiple adhesions. 

4. It should be used only with a definite purpose in mind as to make 
a differential diagnosis, to confirm a suspected diagnosis, or to identif}'' 
and localize a tumor. 

5. By its means some patients were spared a useless laparotomy and 
a fewer number previousb' considered inoperable were found operable. 
In others therapy could be forced more vigorously when all doubts as 
to the correct diagnosis had been removed. 
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ance o£ left pneumonectomy through the anterior approacli advocated by KienlioffN 
Accordingly it was decided to employ a similar incision in the present case. 

Operation was perforrucd on Sept. 24, 1940, under cyclopropane anesthesia admin- 
istered through a .snugly fitting face mask. The patient was placed on her back 
with sand bags beneath the left hip and shoulder, and the arm was extended at a 
right angle in order to permit access to the axilla. A lioeker’-stick incision was made 
in the second intercostal space on the left side, with its long arm e.xtending from 
the edge of the sternum to the anterior axillary line. The sliort arm of the in- 
cision was carried upward along the edge of the sternum to the lower border of the 
first rib. The second and third costal cartilages were divided close to the sternum 
and the internal mammary vessehs ligated and divided at the upper and lower limits 
of the operative field. The incision in the .second intercostal space was deepened 
down to the pleura and the latter opened freel 3 '. The second and third ribs were 
separated wideij' with the Lilientha! rib spreader and the lung permitted to collapse 
out of the field of vision. The aorta then was readily seen and the left subclavian 
artcrj' easilj- could be followed upward to the summit of the chest from its point of 
origin on the convexitj- of the aortic arch. The left common carotid could not be 
visualized. A short, vertical incision was made in the mediastinal pleura over the 
lowermost portion of the subclavian and the vessel freed b}' blunt dissection. Two 
strands of heavy, braided silk next were passed beneatli the vessel with a ligature 
carrier. Before tjdng these ligatures, the subclavian was compressed, and the 
carotid pulse was sought in the neck. After ascertaining fliat carotid pulsation was 
present, the subclavian ligatures were tied seeurelj', the first, about one-ltalf inch 
from the aorta, and tlie second, about onc-fourtU inch further di,stnlly. The incision in 
the mediastinal pleura was left open in order to permit the escape of fluid into the 
left chest. The ribs were brouglit together with pericostal .sutures of chromic catgut 
and the thoracic parietics closed in laj-ers without drainage. The lung was inflated 
under positive pressure bj' the anesthetist a.s the thorax was clo.'-cd. Although there 
was bleeding from collateral ves.seis in the skin and mu.scie during operation, it 
presumably iva.s much le.ss tliau would have occurred had tlie approach been made 
through the eonventioniil suprachivicuhir incision. The child stood the procedure 
well and left the operating table in good condition. 

Small amounts of serosuiiguiueous flui<l were aspir;ited from the left chest on 
three occa.siou.N during the week following operation. Convalescence from the pro- 
cedure otlicrwi.se was uneventful. (The further course is not relevant but the 
case, wiiich was of unusual interest and cndc<l in recovery, will be reported in u 
separate communication.) 

Df.SftAS-SIO.V 


Because of the i-e];ifive j;ii‘ret(tie»e.v of .siifgieal coiulition.s (chicflv 
hcmorrha.ge ami aijeiii’v.sjiis) of the .siihclaviatt artery, the .subject of 
ligation of the first j)oitioii of this ve.s.sd is perhaps of only minor 
inteiv.st to nio.st surgeojj.s. Duritig time of war, however, it takes on 
new importance, Tlin.s. e.xporiem-c in World War I indicates that in 
Ihe jM-e.sent coniliet, gunshot and other petietrating wounds of the 
snbrhivian vessels will be not infretpient. WJiile in some ea.ses hemor- 
rhage will result in eiirly mortality, in other-s the bleeding msty he 
cheeked snllieieiitly to jiermit fran.sportatioji of (he patient to a 
lu)s).itai. Hxj.erieiiee indieate.s further that tho.se iiatients who do 
not .sueeumi. (o massive subclavian hemorrhage u.siiallv develop Im-.e 
hematoma.s which render suhse.pumt attempts at surgical ligition 
extieiiul.v ilifiieult ami ha/ardoii.s. Beeau.se of (law hazards (e.speeiallv 
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clavicular approach, by dividing the soft parts alone. In the remain- 
ing 15 cases operation involved resection of the clavicle in 6, resection 
of the clavicle and portion.s of the sternum in 4, and resection of the 
clavicle, sternum, and first rib in 4. In the final ease (SherrilP) the 
vessel was approached extrapleurall 3 ’ through a posterior thoracic inci- 
sion with resection of the second, third, and fourth ribs. It is important 
to point out that ligation of the first portion of the left subclavian is 
difficult not onlj" because the vessel is situated largely within Ihe 
thorax, but also because the procedure at times is complicated 
abnormalities referable to the condition for which ligation is performed. 
In the cases collected bj* Ilalstcd, ligation was necessitated bj" an 
aneiuysm of the subclavian arteiy in all but one. (In the latter, the 
lesion was a malignant tumor which occupied the supraclavicular 
fossa ) In the presence of an aneurvsm, ligation of the subclavian is 
apt to be attended with serious hemorrhage as the result of accidental 
injurj'' of the aneurysm itself and fi'om numerous adjacent collateral 
vessels which must be traversed during the course of operation. Other 
complications, reported in the eases collected b.y Halsted, include opera- 
tiye shock, injuiy to the thoracic duet, brachial plexus and pleura, and 
hemorrhage (sometimes fatal) from adjacent large vessels, such as 
the left common carotid arterv. left internal jugular vein, and left 
innominate vein. Additional objectionable features of operation are 
that it (1) is usuallj’' time-consuming, and (2) is apt to be followed 
by appreciable deformity if the removal of substantial portions of bone 
is necessary. Thus the conventional method of ligation presents a 
number of serious disadvantages and dangers 


CiSE REPORT 


Recently tlie author was confionted witli a case of diffuse, congenital aiteiioienous 
aneurysm iniolving the left upper extremity in a child Id jeais of age Operation 
had been advised because of increasing cardiac insufficiency. The proeeduies uhieh 
pieviously had been peiformed consisted of double ligation of the axillaiy artery 
and rein, excision of an axillaiy arteriovenous communication, and an attempt at 
lio-ation of the third poition of the subclavian aitery. Because of profuse homor- 
ri°,jcre from numerous collateial vasculai channels ivhicli involved the entire supra 
claviculai region and root of the neck, it had been nccessaiy to discontinue the last 
opeiative procedure before the vessel vv.as exposed. In vieu of this bleeding it 
seemed fan to assume that fuithei attempts to ligate any poitioii of the siib- 
n tlirough the conventional surgical appro.uh again uoiild be attended by 
'^'^"''us hemorrhage. Accordingly, the only safe method appealed to be to ap 
the vessel at some distance fro.ii the aiea in nliich lollateial ciruil.itioii 
pioaci le ,,p .iKoniplishid most readily by exposing its 

existet. “I, „ii a transthoracic, transpleural incision made at some dist.iiuc 
first portion °„,,e,ative site. -Vlthoiigh the merits of such .i siirgn.d .ippio.iih 

from the previous yf tlic literature f.idcd to disi lo-c ,iin rcfcicine to ds 

appeared ja oper.iting upon vases of p.itciit diiitiis .irtciiosus, Ihe 

use in subclavian i„-^ ^ nloved the anterior, tr.instlior.u i< , liaiispleiii.il incision .idvo 


s.-sed with the exi client ex[iosure of the left sub 


lothor^ previously had eniplo 

autnor pic „ .,„a had been iiiipre 

cated by Gross,- a • aortic arch. This also was iioti d during the perform 

elavianas it took origin from t 
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In view of the fact that operation upon the innominate artery, and 
at times upon the proximal portion of the right subclavian artery, 
presents difficulties and dangers similar to those encountered in expos- 
ing the left subclavian, ligation of the innominate artery through a 
transthoracic, transpleural approach carried out on the right side might 
be attempted in certain cases. 

The incision described also appears to afford the best approach for 
direct surgical attack upon an aneurysm involving the very first portion 
of the left subclavian or innominate arteiy. 
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uneonti'ollable hemorrhage) many surgeons during World War I 
deemed it wise never to operate upon such patients. The result was that 
many of the latter subsequently succumbed either of infection or 
secondary (infective) hemorrhage; or, if sufficiently fortunate to 
survive, developed an arterial or arteriovenous aneurysm. 

The method of ligation hei’ein described appears to be well suited 
to the treatment of certain Avounds of the subclavian vessels, for it 
permits rapid exposure and ligation of the vessel in an ai’ea far removed 
from the site of injury. Once hemorrhage has been controlled, the 
local site of injury can be explored and debrided freely. In cases in 
which there is evidence that injury to the .subclavian vessels is com- 
plicated by adjacent intrathoracic trauma, the procedure has the added 
advantage of permitting direct visualization and an attempt at treat- 
ment of the intrathoracic component of the wound. 

In eases of injury of the right subclavian artery, when exposure of 
the vessel through the conventional approach is difficult or unsafe, or 
in cases of injur}^ of the innominate artery, a right-sided transthoracic 
transpleural approach might be attempted for ligation of the innominate 
artery. 

In certain cases of traumatic aneurysm of the first or second portion 
of the subclavian artery, the methods of subclavian and innominate 
ligation which have been described may result in cure alone or may be 
employed as a pi’eliminary to subsequent excision or distal ligation. 
Likewise in the z'are case of nontraumatic aneurysm of the very first 
portion of the left subclavian or innominate artery, the transthoracic, 
transpleural approach appears to afford a good exposure for direct 
surgical attack (either ligation or excision) upon the lesion. 


SUMMARY AND CONCLUSIONS 


1. The case herein reported appears to represent the first attempt 
at transthoracic, transpleural ligation of the first portion of the left 
subclavian artery to be recorded in the literature. 

2. This approach to the first portion of the left subclavian artery 
permits rapid and free exposure of the vessel proximal to its branches. 

The experience of surgeons who have operated upon cases of patent 
ductus arteriosus through such an approach has already demonstrated 
that it is not attended with appreciable shock (even in debilitated chil- 
dren suffering from cardiac insufficiency). 

Removal of portions of the clavicle, sternum, and ribs is not necessary. 
T1 exposure, therefore, is not apt to be time-consuming nor followed by 


■ is no danger of injury to the thoracic duet, bi-aehial plexus, 

^ ^ nf liwm vessels at the root of the neck, 

or ad^ace j-gconimendcd in cases in which ligation of tlie fir.st 

The ^ suiielaviaii is necessary alone or in combination 

ShT-oU-ev 
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In view of the fact that operation upon the innominate artery, and 
at times upon the proximal portion of the light subclavian arterj’-, 
presents difficulties and dangei’s similar to those encoimtered in expos- 
ing the left subclavian, ligation of the innominate artery tlu'ough a 
transthoracic, transpleural approach carried out on the right side might 
be attempted in certain eases. 

The incision described also appears to afford the best approach for 
direct surgical attack upon an aneurysm involving the very first portion 
of the left subclavian or innominate artery. 
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RECURRENCES AND FAILURES FOLLOWING THE iAIODERN 
TREATi\IENT OP VARICOSE VEINS 

P. J. Sarma, jM.D,, Ciiwago, Ir.L. 

{From (he Department of Sitrpenj, University of Illinois Collef/e .of Medicine and 

Itavenswood Hospital) 


OTWITHSTANDING the important improvements made in tlie 
•I- ^ model'll treatment of varicose veins, recurrences and failures oe- 
curred in almost 16 per cent of the patients treated hy us from .January, 
1935, to January, 1910. ReeiuTeiiees were greater in my own service 
nine years preceding that period. The recognition of the absolute 
necessity of ligating the saphenous vein udien there was incompeteiiey 
of the saplienofemoral valve ivas alone responsible for a reduction in 
the percentage of recurrences in our eariy work. 

We I'ceognize that even with the most careful treatment there is a 
certain tendeiic}'- towai'd vecmTence in some patients and also a tend- 
ency to develop a new group of varicosities. So far we liave been unable 
to prevent re-formation of varicosities in these patients. Even consider- 
ing all these factors, I believe the percentage of recurrences could be 
minimized by careful, critical studies. 

For this presentation I liave reviewed 230 patients with reeurrenees 
and failures who were treated hy me or under my dii'cct supervision. 
The patients ndio were treated elsewhere, hut ^vho consulted us for i’ur- 
ther treatment of recurrences, were purposely excluded. 

For sinipliheation of our study these patients were ela.ssified in two 
groups; (a) those who bad only injection of sclerosing solutions, and 
(b) those who had ligation followed b 3 - oliiiterative treatment. 

Ninety-eight patients belonging to this first group were .studied. 

The I'ceord siiou’s that 33 patients who wore diagnosed as having 


simple dilatation of the superficial veins and who were siicccssfuUy 
treated with sclerosing solution returned one to five years aftemvard 
with recurrence.s. E-saminalion revealed that they all had developed 
iucompetency of the saphenofemoral valve during this interim. High 
livation and further obliterative treatment were advised. 

'Ei'diteen patients were previously diagnosed a.s belonging to the 
Trendelenburg positive group and ligation was advised They re fused 
■ tion and were treated by injection. Fifteen of these patients 
7 ,j fair obliteration after injection, but cjnializatioii developed 
sbowee i ‘ Fourteen patients of this latter group 

within a P„ated and henetifed. For tlie last tliree yeans ire have 

were even vui ^ ^ iujuetion treatment as a palliative measure 

made it a rule not to t 

if ligation is refused. 

tor vucllratro,., Jun. .r, 
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In 9 patients a correct diagnosis was nncloiibtedly missed, and they 
were treated by injection when ligation should have been per- 
formed as a preliminary step. Careful examination is necessary to 
determine the patency of the saphenofeinoral valve m obese individuals 
where the saphenous vein may be buried deeply in fatty tissues. Tren- 
delenburg and Schwartz tests may have to be repeated ajicl correctly 
interpreted. Sometimes it will be necessary to palpate the saphenous 
in various locations of the thigh with the patient m different positions. 
In 3 patients the high ligation had to be supplemented by a ligation in 
a lower level of the thigli because of incompetency of the valve of the 
intercommunicating vein. This was demonstrated b\" the eompai'ative 
tournicpiet test. 

One patient belonged to the Ti-endelenburg double positive group. 
JIultiple ligations and injection treatment produced unsatisfactory 
results. 

The remaining 34 patients showed a tendency to recurrence and re- 
formation of superficial varicosities without any disturbance of the 
normal venous flow. These were treated periodically with seierosuig 
solution. 

I have reviewed 132 patients of the second group who had reeiirrences 
following some form of ligation operation. High ligation in the sapheno- 
fomoral junction has Iiecn our operation of choice for many years. In 
earlier work, a few teclmieaily difficult ca.ses were ligated in the upper 
third or middle of tiie thigh. The incision in the groin was also avoided 
in some obese individuals bccau.se of the presence of moist eczema. 
Seventeen such patient.s luul recurrences and rerjuired high ligation. 

I have discontinued performing ligation ns a primary operation in 
the lower level. Experience has proved that the result in low ligation 
is unsatisfactory. 

Stnee tile inihiication of Edwards' important paper in 1934' regard- 
ing tJie anatomical pattern of the .saphenous vein, many articles have 
appeared in tlie literature regardinu the re-formation of venous chan- 
nels tliroiurli the uppermost tributaries of the saplicnous. I have oper- 
ated upon a few patients with rceiirrenee of this type wlio liad had 
their original operation elsewhere. In my own group I have encoun- 
lert'd only 2 sue)) ease.s. Both had had high .saphenous ligations and 
were diseiiarged after a .sjitisfaetory course of obliterative treatments. 


When next seen they were pregnant and snfYering from marked vari- 
eo.sity of tlie Ijibia. A few months after the termination of pregnane v 
one of the.se jiatients wits reoperated upon, and with a great deal of 
iliHieully I isolated :i patent jmdendal branch which had been missed 


during the original ligation. The .seeoml p;)tienl wa-s .sueee.s.sfullv 
treated with mily inject ion of .seleiusing .solution without fiirfhei- reem'. 
)-eiiee. Solomons- suggested injecting the.s(‘ pudemljil varieosifie.s dur- 
ing pregnancy with fiuinine ami urethane. I have mwer had the cour- 
age to )'ullow l)is .suggestion. The jiatieut.s I l.ave seen with pudendal 
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varicosity during pregnancy almost always had an incompetent sapheno- 
femoral valve complicating the condition, so I have advised them to 
wait for treatment until the termination of pregnancy. 

The abnormal pattern of the uppermost part of the saphenous vein 
is common, and we have encountered a full share of various abnormal- 
ities. I have taken painstaking care to ligate any of tlie uppermost 
tributaries present. This is done routinely ivhene\'er the external 
pudendal, superficial circumfieii, iliac, and superficial epigastric veins 
empty into the upper end of the saphenous vein instead of into the 
femoral vein. The accessory veins, lateral or medial femoral, are in the 
great majority of patients located too far distally to expose during high 
ligation. In some instances one of them may be located quite high and 
anterior to the saphenous and may be ligated by mistake as the saphe- 
nous vein. This was undoubtedly the cause of recurrence in a few 
patients I have exposed who had been operated upon elsewhere. Since 
we began routine periplieral injection of sclerosing solutions in the 
severed distal portion of tlie saphenous during ligation, we have en- 
countered very few patent aceessoiy femoral veins as the cause of 
recurrences. In the Jiiajority of patients this injection obliterates these 
aecessoiy veins. In 6 instances it was found that patency of the acces- 
sory vein was the cause of recurrence. The lateral femoi’al vein was 
ligated and injected in 2 cases; by .subsequent experience it was deter- 
mined that by injection alone satisfactory obliteration could be obtained. 

We have had limited experience in the past with the old stripping 
and excision operation. A few patients with recurrence and failure 
after such operation elsewhere responded satisfactorily to ligation and 
injection treatment in our service. We have also operated successfully 
upon 5 patients who have had the Schede type of operation elsewhere 
with failures. 


Varicosities of the lesser saphenous almost alwa.vs are caused by the 
pressure transmitted through communications with the long saphenous. 
In some of my earlier patients I ligated and excised the communicating 
vein just medially and behind the knee as a special precaution in addi- 
tion to the high ligation. This additional step is very seldom neces- 
sary High ligation of the .saplienous and obliteration of the small 
henous° alone will prove sufficient in the majority of patients. If 
the lesser saphenous is greatly dilated, it may have 1o be ligated in the 
popliteal space as described in previous publications.’ 

rt has been my custom to remove a segment of the saphenous vein 
.• I lio-ation. * Undoubtedly in some instances this procedure was 
during ° ^ jjever seen recurrences caused by rcestablish- 

not ““ cut ends. I have my honest doubts in this matter, 
meiit ot 11, ‘ dui-inir reoperation on patients operated upon el.se- 

In several ms . jound. Thi.s, I believe, was either mi.s.sefl 

where, a 


during the 


ordinal operation or ligated but not ent. 
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The great majority of recurrences in the ligated group in my own 
service occurred when there was not only an inconipetency of the 
saphenofemoral valve but also of the one or more valves of the veins 
communicating between the deep and superficial systems of the thigh. 
Although familiar nnth this complication, it was not always possible to 
diagnose it or to differentiate it from the Trendelenburg double posi- 
tive group. 

To Ochsner and Mahorner* the credit is due for describing the com- 
parative tourniquet test by which incompeteney of the communicating 
veins in the thigh can be aeeurateb' demonstrated. They have also 
made it clear that this incompeteney in the majority of patients is only 
limited to the thigh and fortunately does not extend below the knee. 
It can be easily undei-stood that the normal flow of blood in the venous 
system of the lower extremities is from superficial to deep. But when 
incompeteney of the valves of the intercommunicating veins is present, 
the blood flow is reversed from the deep to the superficial. Ninety -two 
jjatients with recurrences following high ligation required further liga- 
tion in one, two, or tliree lower levels in the thigh to produce a satis- 
factory result. These levels ivere determined by tlie simple compai-a- 
tivc tourniquet test. In going over the record of these patients I found 
tliat in some the condition was not properly recognized, wliile in others 
it was not properly differentiated from the Trendelenburg double posi- 
tive group. Wc also found another incipient group where the back flow 
through the saphenofemoral junction could be easily demonstrated, but 
the lower level of tlie leaks between the superficial and deep venous 
system could not be clearly determined until some time after high liga- 
tion was performed. For the last four years we have been performing 
the high and low ligations in one .sitting in all indicated cases. I am 
convinced tliat this important .step has helped in reducing the number 
of I'ccnri'enees. 

The remaining 15 unsuccc.ssful cases belonged in tlio Trendelenburg 
double positive group and showed not only hieompctoncy of the sapheno- 
femoral junetion and of the intm-communieating veins of tlie thigh, hut 
also incompeteney of the veins of the intercommunicating system in the 
calf and lower leg. IMiilliple ligatioius, excision, and segmental oblitera- 
tion were performed. Tliough the immediate result proved satisfactory, 
the final follow-up was far from encouraging. Linton V operation for 
the ligation of comimuiicating veins in the lower leg may offer some 
hope to the patients who jUT.sent multiplicity of .sympfom.s caused by 
venons stasis. 3Iy own experience is limited to 2 such cjuses, and it is 
too early to draw any eonelasioas. This operation is of great magni- 
tude and cannot be used as a routine inca.siire. Uncomplicated eases 
belonging to thi.s group i-onid be made comfortable with a properly 
litte.l elastic .stocking or bandage. Fortunately, le.ss than 2 per cent of 
varicose vein patients seen by us belonged to tJio Trendelenburg dou- 
ble positive group. 
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CONCLUSIONS 

1. When there is dilatation of superficial veins of the lower extremity 
without disturbance of the normal flow of the venous lilood, adequate 
injeetion of selerosing solution will prove satisfactory in the majority 
of patients. 

2. If backflow of blood through an incompetent valve in the sapheno- 
fenioral junction is present, a high ligation and sectioning of saphenous 
followed by obliteration of varicosities will prove sufficient. Ligation 
of the uppermost tributaries of the saphenous when present and periph- 
eral injection of the severed distal portion are valuable steps in the 
ligation operation. 

3. Incomp etenej'' of one or more valves of the communicating veins 
of the thigh between the superficial and deep venous .systems requires 
additional ligation in the lower level. 

4. Multiple ligation, excision, and segmental obliteration in patients 
with incompetencj' of the valves of the communicating veins of the 
whole lower extremity including the calf and lower leg have not pro- 
duced permanentlj' satisfactory results. Linton’s operation may offer 
hope in some patients. Uncomplicated cases can be made comfortable 
with elastic bandages. 

5. Notwithstanding vdiat method of treatment is used, there is a 
tendency in some patients to recurrence and re-formation of varicose 
veins. Observation of patients at regular intervals and critical investi- 
gation of the causes of recurrence and institution of proper treatment 
will decrease the number of failures. 
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BLOOD ETHER LEVELS IN SURGICAL ANESTHESIA 

Robert Potter, M.D., Huberta Lrs'ixosTOXE, 3I.D., Edmxixd 
Axdrews, SI.D., axd Geraldixe Light, M.D., Chicago, III. 

(From the Department of Surgery of the University of Chicago) 

S INCE the fir.st use of ether as a human anesthetic agent by Long in 
1842, many determinations have been made in animals and a few 
til man to aseevtnm anesthetic and lethal levels. Tim problem has been 
approached mainly in two ways: (1) by measuring the ether vapor 
concentration in air, either as administered for anesthesia or as the 
alveolar tension when exhaled, and (2) by measuring the ether con- 
centration in blood samples taken during anesthesia. 

Probably the first determination of ether concentration in the anes- 
thetic state was made in 1847 by Lassaigne,' who measured the ether 
in the venous blood of a dog. Since that time various workers includ- 
ing Snow,= Bert,® Sladelung,^ Stange,® Shaffer and Ronzoni,® Ronzoni,' 
Haggard,® Robbins,® and Calderone*® have made determinations in ani- 
mals by air analy.si.s. Among those who have carried out ether determi- 
nations on blood samples from animals are Lassaigne,® Nieloux,®® van 
Lceuwen,*® Shaffer and Ronzoni,® Ronzoni,' Haggard,®® Karber,®® Rob- 
bins,® Calderone.'® Determinations made by air analysis on human 
beings include those of Dre.ser,®® ConneU,'® Boothby and Sandiford.®® 
Direct determination of the concentration of ether in the blood of anes- 
thetized human beings has been made by Gramen,®® IVhite,®® "Webb,®® 
and Kolleiv® The interest of the workers cited above was variously 
distributed between anesthetic and lethal levels, distribution ratios, 
recovery curi'es, absorption and excretion, and possible synergism with 
other dnigs. 

The criteria for “surgical anesthesia” varied with the different 
workers, iluscular relaxation, loss of pain response, alteration of 
corneal or deep rcllexes. character of respiration, etc., were considered 
among tin* criteria. However, in dogs at surgical anesthesia the results 
of Nicloux®' (105 to 110 mg. per cent), of Haggard®® (80 to 91 mg. per 
cent), of Robbin.s® (90 to 113 mg. per cent), and of Calderone'® (81 to 
95 mg. per cent), show good agreement and range only from 80 to 113 
mg, per cent. Ronzoni® and van Leeuwen,®® working with dogs and 
cats respectively, made more definite attempts to correlate anesthetic 
level with stage by determining loss of refle.xcs in response to electrical 
stimulation of nerve trunks. 

Gf more interest to us are the re.sults in human beings. Gramen'® 
maile 700 determinations on 52 patients including expired air, urine, 
milk, and also venous blood, drawn at \-arious times during or follow- 
ing ojieration. His monograph eontains an excellent review of the 
litci'ature on ether <letennination.s. He considered five clinical stages 
of ancsthe.sia with Stages 111 and IV being in the range of cu.stomary 
Mir^-d ane.sthe.sia. lie tlifferentiated between .Stages IH and IV on 
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the basis of pain reflexes from the operative fleld. For Stage IV, or 
deep surgical anesthesia, his results on 67 determinations ranged from 
41 to 111 mg. per cent with an average of 80 mg. per cent. Kollei-' 
in 51 patients found a range of from 30 to 100 mg. per cent sufficient 
for surgical anesthesia. White^“ during de-etherization of 12 patients 
found that surgical anesthesia ranged from 100 to 150 mg. per cent 
while light surgical anesthesia varied from 70 to 100 mg. per cent. 

There is apparent disagreement among the various workers as to the 
effect of morphine or morphine-scopolamine or other premedicant drugs 
on the blood ether levels required for surgical anesthesia. Madelung^ 
found that one-half to two-thirds of the usual concentration of the 
anesthetic agent in the alveolar air of rabbits and dogs was sufficient 
for surgical anesthesia -when morphine and scopolamine were given 
preoperatively. 

Stange“ reported that morphine lessened by one-third the concentra- 
tion of ether necessary for light anesthesia in rabbits but did not lessen 
the dosage for deep anesthesia or respiratory failure, unless excessive 
doses of morphine were given. Calderone,^® working with dogs, found 
that 2 to 5 mg. per kilogram of morphine did not lessen the concen- 
tration of ether in the blood necessary for either surgical anesthesia 
or respiratory failure. Barlow and Stormont" found that in rats, 
opium alkaloids are additive to nitrous oxide. Webb^® found in human 
beings that venous blood following morphine 0.010 Gm. and atropine 
0.0004 Gm. contained 41 to 110 mg. per cent of ether during light sur- 
gical anesthesia, and 110 to 170 mg. per cent during deep surgical anes- 
thesia. Following an unstated amount of morphine and hyoseine he 
found blood ether levels ranging between 39 and 100 mg. per cent suffi- 
cient for abdominal operations. 

In the above reports it should be noted that there is considerable 
difference in the amoiuits of the drugs emp]o 3 ^ed. Stange and Bfadelung 
administered in rabbits 20 mg. per kilogram of morphine and 10 mg. 


per kilogram of morphine and of scopolamine respectively, while 
Calderone'® used 2 to 5 mg. per kilogram of morphine in dogs. 

It is the general belief among many surgeons and anesthetists that 


the preoperative administration of morphine alone or in combination 
with atropine or hyoseine materially reduces the amount of ether re- 
uuired to produce surgical anesthesia and shortens the induction time, 
in addition to quieting the unrest of the patient in anticipation of the 
ration and providing some analgesia immediately postoperatively. 
It is probable that this concept has developed from elinical observation 
nnd does not represent controlled investigation. 

this study we have attempted to evaluate the effect of morphine 
^ in combination with hyoseine or atropine on ether levels in 
alone, or a simple, rapid method for determining 

surgical ane our di.sposal,®’’ determinations were made 

blood ether c ^ „jj.iou.s methods of administration of ether ane.sthesia 
on patients using y. ■ emedieation. S{)eeial emphasis was jilaecd 
both ^vith and witnoiu i 
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Oil bringing the patients to the same level of anesthesia as determined 
by the clinical signs described by Guedel.-^ The various groups were 
compared in an attempt to evaluate the effect of premedieation on the 
concentration of ether in the blood. 

.VNESTHETIC METHODS .VXD PREJIEDICATION 
Consecutive patients receiving ether anesthesia were used in this 
study. They included neurosurgical, upper and lower abdominal, 
plastic and tonsil eases. The ages varied from 5 to 70 years. 

Premedication consisted of morphine alone, moi'phine-atropine, or 
niorphine-hyoscine, and codeine in the case of young children. These 
drugs were administered in the usual clinical doses of 0.010 to 0.015 
Gm. of morphine, and 0.0003 to 0.0004 Gm. of atropine or hyoseine. 
Codeine ranged from 0.02 to 0.03 Gm. In every case the premedication 
was administered twenty to forty-fi%m minutes before the induction of 
the anesthetic. A small series received avertin as basal anesthetic, and 
some patients received no premedication. 

Pour different anesthetic methods were employed: (1) induction and 
maintenance with open-drop ether on a Schimmelbuseh face mash, 
designated as “drop alone” ; (2) short semiopen induction with nitrous 
oxide-o.xygen for two to five minutes, followed by open-drop ether on 
a Schimmelbuseh face mask, designated as “nitrous oxide-oxygen to 
drop”; (3) short semiopen induction with nitrous oxide-oxygen fol- 
lowed by a closed system with ether dropping in a rebreathing bag; 
there was maintenance llow of oxygen, and soda lime absorption of 
carbon dioxide, designated as “closed metric”; (4) semiopen induction 
with nitrous oxide-oxygen, followed by constant flow of nitrous oxide 
and oxygen over ethei’, designated as a “semiopen N^O-Oo constant 
flow with ether.” Ethylene could not be used as an induction agent 
as it appeared in the blood samples, and was found to be present, al- 
though not quantitatively, in the analysis. 

ANESTHETIC LEVEL .VND THE BLOOD SAMPLE 

The selection of a standard level of anesthesia in an assay such as 
this is extremely difficult. So-called “surgical anesthesia” will show 
a wide range of variability. Ronzoni' suggested also that the length 
of time under anesthesia is a factor in the amount of ether required. 
Gramcn'” used tlie abolition of pain in human beings as the criterion 
but showed that this varied between cutaneous, muscular, and xieri- 
toncal stimulation. Olliers have cmiiloyed electrical stimulation of 
nerves and reflexes in an attempt to set levels of anesthesia. 

In this work we attempted to use the signs regularly employed in 
anesthesia, both because they repre.sented a convenient and commonly 
aeeepted method and because of the greater familiarity of the anes- 
thetists with these signs. JIu.seular relaxation, character of respira- 
tion, eye signs, and absence of .superficial reflexes, as defined by 
(lUedel.-* were employed as criteria of the depth of anesthesia. All 
blood samples were drawn at the second plane of the third or surgical 
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stage of anesthesia. These were taken after the induction and before 
the opei'ation was hegmi and after careful selection of the anesthetic 
stage by one of tliree experienced anesthetists. The subsequent course 
of the anesthetic Avas checked, and in cases where it iras apparent that 
the stage had been incorrectly designated, the samples were rejected. 

Single samples of blood were collected in 2 c.c, precision syringes 
Avhich were found to have an error of only 0.5 to 2 per cent. Oeea- 
sionally duplicate samples were run and the results were always within 
the limit of error of the technique. The blood samples rvere analyzed 
for ether content by a modified diehromate-sulfuric acid method re- 
cently described by some of us.'^ With this technique 97 to 101 per 
cent of ether Avas recovered from standard solutions of Avater and of 
blood containing ether. 

The blood Avas necessarily draAvn from the venous system, the large 
veins of the arm being employed. It is evident that heart, arterial, or 
internal jugular puncture is baiTed as a routine for patients. Haggazd*^ 
aptly points oizt that unless the organism is at equilibrium or izi the 
process of elimination of ether Avith moderate breathing, a venous 
sample from the extreznity is not indicative of ether saturation for 
purposes of determining physiologic response. HoAvever, because the 
samples Avere ahvays taken under comparable conditions, after smooth 
inductions and at appai’cntly the same stage of anesthesia, and because 
the ether administration AA'as stopped during the time of cleterminatioii 
of the stage and drawing of the saznple, it is fair to state that the 
samples are of clinical value, and if not repi'eseziting a state of equi- 
librium, at least are close to it. 

To check the accuracy of this contentiozz, tAVo blood samples Averc 
taken from each of 10 patients that Avere examined in the follOAving 
manner. The first blood saznple ^ras clra^yn at the second plazie of the 
third stage. The anesthetic AA'as then deepened to the early fourth 
stage and stopped, alloAving the patient to return to the second plzizie 
of the third stage by de-etherization. At this time a second blood 
sample Avas draAAm. The data from this study appear izi Table 1. It is 
interesting to observe that the variation is about equal on cither side, 
and that the second sample Avas slightly higher in 4 eases and slightly , 
loAver in 6 eases. It is obvious that this process of proloziged de- 
etherization from deep anesthesia cannot be employed routinely hi 
human subjects for a large sei-ies of cases. 

IZESULTS 


q- ule aAmrages do not sIioav as mneh as gz-;ipliic pre.sezztatiozz. azid 
method of analysis is statistical cozzzpaz-isozz a.s vmpluyed in 
the bes Our data Averc sizbnzitted to a competent statis- 

to S.Su...iy- 

tician foi St .analysis the data Av'ere considered ( I ) under the 

For purposes Uftprinined by A-az-ioizs methods of anesthesia 

differeizt categories as dttei.n. 


•we are inCebted to 


Dr Bert A'os tor Uie statistical unaly.ils arM-.nn.Z. 
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Table I 


CASE NO. 

BEFORE DEEP 
.SATURATION (MG. %) 

AFTER DEEP 
SATURATION (MG. 9o) 

1 

61 

70 

7 

65 

75 

9 

75 

85 

10 

75 

Si 

2 

69 

19 

3 

71 

70 

i 

83 

82 

5 

113 

86 

6 

113 

73 

8 

101 

95 


and vai'ious combinations of pi-eniedieatiou used, and (2) under the 
combined groupings with and u'ithout premedication. The amount of 
ether used, the tiine consumed by the induction, the simple averages 
of blood ether levels, and the ranges covered in each category appear 
in Table IL In collecting the data for “combined” comparison, only 
the anesthetic methods of “drop alone,” “nitrous oxide-oxygen to 
drop,” and “closed metric” could be used, since the effect of nitrous 
oxide was in force in “semiopeu nitrous oxide-oxygen constant flow 
with ether” as the ether levels of this category indicate. As far as the 
effect of nitrous oxide used only for early induction is concerned, this 
nitrous oxide was probably in greater part eliminated from the system 
during the subsequent period of ether administration. Kemp^® cites a 
.single instance where the nitrous-oxide level in the venous blood of a 
dog fell from over 20 per cent, an ane.sthetie level, to 6.9 per cent in 

Table II 


lIro[) alone 

No proiiiodicatioii 
After morpliiiio 


AltOU.NT 

F.Timi 

rsKit 

(.vvEn.mE) 


TIME 

(.weuagb) 

(MIS.) 


AVECAOF, 
(MO. %) 


I.I.MITS 

(Ma.9f) 


KO. 

OF 

CA.SES 


i 


12 

1« 


93 

113 


tU-117 3-1 

73-136 9 


Nitrous ONiilo-o.\yi;eii to drop 
No pri'ineiliration 
After morphine 


•i 


o 


12 

13 


93 

9o 


02-130 II 

77-M9 10 


rioscil motriu 

No preine<lir;ition 
After inorphino-liyo-eino 
After morpliineiitropine 
.After morphine alone 
t'omhined after premeiH- 
eatiou 


33 

29 

2t! 

29.6 


12 

13 

13 

M 

13,7 


90 

S7 

t>0 

S9 

8S 


39-129 

32-131 

73-116 

52-127 

52-131 


26 

25 

ti 

13 

■16 


.Semiopen nitrous o\iile-o.\yoen 
eoustant th)\v uith etlier 
No jiremnliejition 
.After prenieilieatioa 

Comhiiiecl eompariMin: drop 
alone, nitrous oxide- 
oxyj;en to drop, nnd 
elo-ed metrie 
No premediealioa 
.After priunedieatiou 



23-103 

26-131 


39-130 

32-119 


11 

IS 


101 

t)3 
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less than two minutes. It is a common clinical observation that re- 
covery of consciousness from nitrous oxide-oxygen anesthesia takes 
place almost immediately after the anesthetic is discontinued. In sub- 
stantiation of this belief we note that graphic comparison of the “drop 
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.. “nitrous oxide-oxygen to drop” hotl. without preinediea- 
Z similar distribution (Fig. 1) and by statistical analysis by 
m show s , „„ si.riiifieant dilTereMee between the series 

sher’s method bno>'.-> 

3 = 0.8). the various types of premedication 

The graphical pi » method of anesthesia appears in Fig. 2. 
ith the “closed mctiic 



POTTER ET AL. : BLOOD ETHER JLiEVELS IX SURGICAL .VXESTHE^IA i 63 

Statistical study of the “closed metric ” method, comparing 26 cases 
with no premedication Avith (a) 25 cases ndth moiTihine-hj oscine and 
(b) 46 combined cases Avith premedication, ghms P A'alues of 0.5 and 
0.9 respectiA'ely Avhich represent no significant diflierences between the 
series compared. Pig. 3 is a graphic representation of the results in 
the combined categories of “drop alone,” “nitrous oxide-oxygen tc 
drop,” and “closed metric,” comparing those Avith and those Avithout 
premedication. The statistical comparison of the combined groups 
giA'es P — 0.1, Avhich indicates no significant difference betAveen the 
series.® 

It should be mentioned that 6 eases Avere run Aiuth aA-ertin as a basal 
anesthetic supplemented Avith drop ether. Eighty to 95 mg. per kilo- 
gram of aA-ertin Avere used, and an aA'erage of three to four ounces of 
ether, the aA-erage time of induction being tAA-eh-e minutes. The blood 
ether IcA-els shoAved Avidespread variations; i.e., 60, 70, 60, 110, 125, and 
28 mg. per cent for the 6 cases. 


COAIAIEXT 


In evaluating data of this type, the limitations of the method must 
be kept clearly in mind. An investigative problem such as this is 
greatly complicated by the difficulties in the clinical determination of 
the anesthetic stage, the individual variation in reaction to the pre- 
medication and the anesthetic agent, and the variations in the general 
condition of patients encountered in routine surgery. Thus a large 
series must be studied the better to CA-aluate these variables. 

From this series a number of observations may be made. The pre- 
medication used had little effect on the time recpiired for tlie production 
of surgical anesthesia or on the amount of ether used. Certainly the 
medication did not markedly shorten the induction period ; in fact, there 
Avas a slight increase in the induction time Avhich is in agreement Avith 
Flagg,“ Avho stated that morphine and atropine as preliminary medica- 
tion prolong the induction Avith the open method. It is apparent from 
Fig. 3 that there AA'as a Avider di\'crgence in blood ether leA'els in the 
])resence of premedication. This is probably due in part to the obscuring 
of .some of the anesthetic signs, since more difficulty AA-as experienced in 
determining exactly the anesthetic stage after premedication. It is in- 
teresting to note that GAvathmey=® states that the administration of 
morphine and scopolamine before colonic ether-oil makes the pupillary 
signs of little value. 

From these results it is apparent that by our method there is no ob- 
serA’able difference in blood ether leA’el.s betAveen the groups receiA’ing 
morphine, morphine-atropine, or morphiue-hyoscine and the groups re” 
ceiving no premedication. This obsei-A-ation is apparently at A-ariance 
with the results of .ira<lcluiig and Stange in their Avork Avith rabbits and 

on human beings. Although it is difficult to 
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translate quantitatively the effect of depressant drugs from rabbits to 
human beings, it is probable that the amounts employed by Madelung 
and Stange of 10 and 20 mg. per kilogram of morphine are much greater 
than the usual dosages employed in human beings. Our observations are 
in accord with those of Calderone who found that dosages of 2 to 5 mg. 
per kilogram of morphine had no effect on the ether levels required for 
surgical anesthesia. 

It is interesting to note that our series falls in fair approximation witli 
other determinations of surgical anesthesia. The limits ranging from 
59 to 139 mg. per cent, with an average of 92 mg. per cent, is about 12 
mg. per cent above that of Gramen who had a large and carefully con- 
trolled series and whose stage designated as Stage IV loosely approxi- 
mated our standaz'd level. It is difficult, howevei’, to compare series in 
which varying criteria were selected for determination of anesthetic level. 

In conclusion we wish to state that this work has been an attempt to 
determine if the preanesthetic use of morphine, morphine-atropine, or 
moi’phine-hyoseine in the usual clinical doses affects the blood ether con- 
centration necessary to produce surgical anesthesia. We do not wish, 
howevei-, to discredit the use of these and other kinds of premedication, 
as they have a very definite selective use in preoperative preparation. 
Their x-ole in decreasing apprehension, their synergistic action with gas 
anesthesia making it possible in indicated eases to avoid tlie use of ether, 
makes them very valuable adjuncts to anesthesia. 


SUMMARY 


1. The results of blood ether detei-ininations on 207 clinical patients 
with vaz-ious methods of anesthesia, with or without premedication, are 
presented. 

2. Conipai-ison by graphic and statistical methods reveals that pa- 
tients without premedication, or with commonly used premedication, 
show no significant variation in blood ether levels at the second plane 
of third stage anesthesia. 

3. Morphine in the dosages comnionly employed does not appreciably 
decrease the time of, nor increa.se the ease of, induction with ether and 
often obscures the signs of anesthesia so that frequently higher ether 
levels are found after its use. 

4 Blood ether levels without premedieation at the second plane of 
f] third sta"e of anesthesia vai-y from 50 to 130 mg. pel- cent, the gi-eat- 
est number falling between 80 and 100 mg. per cent. 
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A COMPLICATION PROM THE USE OF GLOVE POWDER 

Francis X. Byron, ]M.D., and C. Stuart Welch, j\LD, 
Albany, N. Y. 

CFrom the Depaitments of Pathology and of Surge, y, Albany Medical College, 
Union Univemty, and the Albany Hospital) 

ODULBS in opei’ative sears sometimas present interesting problems 
in diagnosis. Commonlj^, tliey are due to malignant implants or 
metastases or to ioreign bodies, such as suture material and cotton 
threads. In some cases tuberculosis and endometriosis are i'ound. In 
this communication we wish to call attention to the importance of talcum 
powder as a causative agent not only of nodules in the skin and sub- 
cutaneous tissue of abdominal incisions, but also of tubercle-like lesions 
on the peritoneum. During the last j^ar we have seen several cases 
in which talcum powder was responsible for the development of these 
lesions. Not infrequent^ the nodules it produces are tender to palpation 
and may even be painful. In the cases which we have observed, small 
nodules consisting of miliary granulomatous lesions resembling tubercles 
have been found in old abdominal incisions in 3 eases and on the 
peritoneal surface in 2 cases in which multiple abdominal operations 
had been performed. A brief report of i typical cases with the patho- 
logic findings follows. 

CASE REPORTS 

Case 1. — A negiess, 51 years of age, presented herself at the Outpatient De- 
partment of the Albany Hospital nith the complaint of pain in the region of au 
old operative scar in the Ion- niidJjne of her abdomen which had been piosent for one 
week. Five yeais before she iiad had an abdominal hysterectomy and bilateral 
salpingo oophorectomy for multiple leiomyomas. E.\amiuation of the old incision 
revealed a hard, immobile, tender mass appro-vimately 2,5 cat. by 4 cm. in si/e. 
The blood Wassermann reaction nas four plus. A tuberculin test nas read as tno 
plus. There was evidence of iicalcd primary tuboiculosis on loeatgcuologic e.\am- 
ination of the chest. Biopsy of tlie losion was taken. Grossly the tissue appeared 
yelloivish white in color and iias firm to palpation, hlicroscopn-ally many smaU 
discrete and conglomciate foreign body granulomas shoning a ecntial framenork 
of epitheloid cells, a surrounding zone of niuJtiaucleateij giant cells and lyniplm 
cytes, and a peiipherul fibrous tissue reaction ueic seen. The h‘.sioin nere eoiisideretl 
to be miliar, tubercles in the scar tissue of the abdominal nail. Examuiiition of llic 
tissue under the microscope nith polarized light uas suggested after our attention 
was called to the work of Fienbergi on the subject of talcum giantiloai >. Fig. 1-1 is 
pkotomicrograpii of the ti-suy jcmotcd from the abdominal rircisioii of this p.i 
Pent Types' miliary tubercles can be seen m the -cctioii. Fig. IS is a iiiioto 
■ o- oh of the same area taken after polari/ation vt the light to denmiistratc 
Urn Talcum. The crystaliine deposit.^ can he seen in the foreign body giant cells. 

o—Xhe second case is one in viliich tubeicles of talcum jioivder origin uere 
C.ISE — Aitoneal surface of the ileum removed from a f.Jytarold nuiii uKli 
found on lo p resection of the ileum and right colon iwis perforimd, too 

regional i ei is. ^ done. He had lirst been operated iijion cLcwhcrc for 

previous operations n.i 
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what seemed to be acute appendicitis. He had also Imd an ileocolostomy performed 
at the Albany Hospital as a first stage operation preliminary to resection, Micro- 
seopie examination of the peritoneal surface of the ileum revealed multiple tubercles, 
which upon examination under polarized light, proved to contain crystals which were 
undoubtedly talcum ponder. In Fig. 2 A and S an area from the markedly thickened 
seiosa of the ileum is shown. In Fig. 2S the crystalline deposits are visible under 
polarized light. 



. 1 , JB. 

Fib 1A — PiiotomioroSTapli of foreign body giant ceiJs containing talc crystals In 
tissue removed fioni andoiiimaJ scat m Case 1. B, Same section as shown m A 
photographed attei polarization of light. 
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Uimn Vnweisity, and the Albany Hospital) 

ODULBS in operative sears sometimes present interesting' problems 
in diagnosis. Commonly, they are due to malignant implants or 
metastases or to foreign bodies, such as suture mateilal and cotton 
threads. In some cases tuberculosis and endometriosis are found. In 
this communication "sve wish to call attention to tlie importance of talcum 
poivder as a causative agent not only of nodules in the skin and sub- 
cutaneous tissue of abdominal incisions, but also of tubercIe-Iike lesions 
on the peritoneum. During the last year we have seen several cases 
in which talcum powder was responsible for the development of these 
lesions. Not infrequently the nodules it produces are tender to palpation 
and may even be painful. In the eases rvhich rve have observed, small 
nodules consisting of miliary granulomatous lesions resembling tubercles 
have been found in old abdominal incisions in 3 cases and on the 
pei'itoneal surface in 2 eases in which multiple abdominal operations 
had been performed. A brief report of 4 typical eases with the patho- 
logic findings follows. 

CASE REPORTS 


Case 1. — A negress, 51 jeajs of age, piesentcd lieiself at the Outpatient De 
partment of tlie Albany Hospital vitli the complaint of paia m the region of aa 
old operative seal in the low imdlino of her abdomeu which Iiad been piesent for one 
week. Five years befoie she had had an abdoniiu.il hysterectomy and bi!afer.ii 
salpingo oophoreetomj for multiple leioinjonias. Evamiii.ition of the old lucisiou 
revealed a hard, immobile, tcudei mass appro\im.ife!y 2 5 cm. bj d cm. lu sue. 
The blood Wassorniami leactioa was four plus A tuberculin test was lead as two 
plus. There was evidence of he.iled pi unary tuberculosis on loentgeiiologic cMiiu 
ination of the chest. Biopsy of the lesion was taken. Gro^s!^ the tissue appe.ired 
yellowish white in eolor and w.is fiim to palpation. Jlicrosiopicalb iiiaii> sia.ill 
discrete and conglomoiate foioigu body gi.inulomas showing a icntral trameworli 
of epitheloid cells, a surrouiidmg /one of niultinuelcatcd giant tells .ind Ijmphu 
tes and a pcnphcr.d librous tissue reittion weie seen The lesions weie tonsidered 
to be^ miliary tubercles ni the st.ii tissue ot the abdomin.il wall r.viuuu itioii ol (he 
tssue under the nutroscope with pol.iri/ed light was siiggesteil atU r our uttontimi 
called to the work of Fieiibergi on the subject of taitum gianulomi I’lg. i.l is 
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mental e%adence would seem to indicate that the tissue reaction to tale 
is due to a chemical irritation.* That the reaction to lycopodium may 
also be due to a chemical factor is pointed oiit by Erb,- who calls atten- 
tion to the fact that the spores are acid-fast just as are tubercle bacilli 
and that the lesions produced are almost identical. 

Pienberg has reported several eases in which tale seems imdoubtedly 
to be tlie etiologie agent. AntopoP has reported additional cases in which 
lycopodium was the agent responsible for a similar tissue reaction. Erb 
has remewed the literature on lycopodium and added his experiences 
with some of these granulomatous lesions. 

TPliile the lesions histologically resemble those of tuberculosis, jmt in 
none of them could Mijcohaterium tuberculosis be found in preparations 
stained by Ziehl-Neelsen technique. A geologist whom we consulted be- 
lieved that the crystals were undoubtedly talc, since crystals of other 
substances which resemble tale are not used in surgery. The crystals 
seen in the tissue examined bj"^ us belonged to the monoclinic S 3 'stem 
with extinction angles corresponding to those of magnesium silicate. We 
have reviewed sections in eases of known tuberculosis of the soft tissue 
and in none of these have eiystals and amorphous matei'ial been seen. 

The finding of talcum powder in pseudotubercles on the peritoneum in 
1 case of regional ileitis and in another in which multiple abdominal 
operations had been performed was most interesting to us. The possi- 
bility of implanting talcum in eases of regional ileitis is enhanced because 
of the fact that multiple operations before resection are not uncommon, 
and also because the serosal surface of the intestine is injured b,v inflam- 
mation. In the reported Case 2 an operation for appendicitis had been 
done elsewhere, and after coming under our care, a preliminary ileo- 
colostomj’^ M'as done making two inoculations with powder probable. In 
none of the descriptions of ileitis have we found talcum mentioned as an 
agent which may be responsible for part of the pathologic picture. 
In spite of the fact that glove powder is responsible for these surgical 
complications, its advantages over the older wet glove technique are too 
gj-eat, in our opinion, to recommend a change to the latter. We would 
recommend that gloves be carefully washed in the hand basin after they 
are jnit on in order to eliminate as much powder as possible. Further- 
more, a minimum of powder should be used both in the preparation of 
gloves and in the preparation of the hands. To be aware of this com- 
plication resulting from the use of glove powder and to avoid confusion 
in the diagnosis of nodules in abdominal incisions are the particular as- 
pects of this subject which Ave Avish to stress. 
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Case 3.— In the third case, a man upon whom suprapubic oystostomy liad been 
performed, the microscopic picture was identical, and in Fig. 3A and B one can see 
again under ordinary light (Fig. 3.1) and under polarized light (Fig. 3B) tlie micro- 
scopic findings in a section taken from a painful nodule in an old low midline incision. 

Case I.— -In the fourth case there were talcum powder granulomatous lesions both 
in the abdominal incision and upon the peritoneal surface of the intestine. The 
patient was a woman, 31 years of age, upon whom a panhysterectomy and bilateial 
salpingo-oophorectomy had been performed two months previously for papillary 
cystadenocarcinoma of the ovary. Three weeks after her original operation a sec- 
ondary laparotomy had been performed for the relief of intestinal obstruction which 
developed during the postoperative period. The patient was admitted to the hospi- 
tal some two months after her first operation because of a tender mass in the ab- 
dominal incision, the site of a previous enterostomy. Examination of this mass after 
removal showed it to be a foreign body gianuloma, piobably due to glove powder. 
At a later operation for intestinal obstruction the patient died from cyclopropane 
poisoning. At autopsy only one nest of cancer cells implanted upon the peritoneum 
of the ileum was seen. There was, however, an area of inflammatory reaction about 
the terminal ileum. Microscopic examination of the surface of the ileum in this 
region showed multiple tubercle-like structures in which foreign body giant cells con- 
taining a crystalline material similar to that seen in the lesions described. 
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sertions of the rhomboids and serratus muscles were dissected from the 
vertebral border of the scapula, and these muscles ivere separated from 
the latissimus dorsi and mere not included mith the extremities. The 
skin, omotransverse and brachioeephalic muscles mere cut across just 
below the ascending cervical branch of the jugular vein and just above 
a group of IjTnph glands present in this region. The upper extremitj- 
was thus severed from the trunk. 

The femoral vessels were exposed, cut, and ligated. The external 
genitals were removed from the pubis and the origins of the adductor 
muscles in the midlhie of the pubis were divided down to the sjunphysis. 
The muscles attached anteriorly to the external surface of the pelvis were 
freed from the bone, and the posterior extremity was thus severed from 
the trunk. 
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In this manner both extremities with superficial tissues of the trunk 
on each side were removed in one piece. Such dissection included fluid 
wliich had extravasated into the groins and flanks. The paired ex- 
tremities of either side were weighed on a scale vrith an accuracy of 
1 Gm., and these weights together with the total weight of the dog were 
recorded. The dissection and weighing were readily accomplished 
witliin an hour’s time. 

Fifteen control dissections and 6 dissections on traumatized dogs 
were performed. In 2 of the controls (Nos. 9 and 10) the method wL 
further tested by injecting a knomi weight of blood into the extremities 
on one side. The amount of weigJit ‘‘recovered” was then compared 
to that injected. 


A TECHNIQUE POE THE MEASUEEMBNT OP LOCAL FLUID 
LOSS IN EXPBEIMENTAL TRAUMATIC SHOCK 

M. L. Cullen, M.H., and N. E. Preesian, M.D., Philadelphia, Pa. 

CFrom the Harrison Department of Surgical Research Schools of Medicine, 
Hniversily of Pennsylvania) 

T N THE course of experiments on traumatic shock, it became necessary 
A to measure the amount of fluid lost into the traumatized extremities. 
The present experiments mere undertaken to test the accuracy of nieasiu’' 
ing fluid loss by careful anatomical separation of the homolateral ex- 
tremities mith intervening tissue and comparing the weights of opposite 
sides. 

TECHNIQUE 


After clipping the hair from the areas to be incised, with the dog 
placed on its abdomen, a midline incision was made from just below 
the base of the shall doum over the middle of the spine to the tail. 
From the caudal end of this incision two oblique symmetrical incisions 
were made on either side of the tail and rectum. The superficial fascia 
and attaclimeuts of trapezius and latissimus dorsi muscles were divided 
close to the spinous processes. The origins of the latissimus dorsi were 
cleanly separated from the lunibodoi’sal fascia and the last two ribs. 
The erector spinal muscles were left on the trunk. 

With the knife edge kept close to tlie pelvic bone, the mass of hip 
muscles was dissected from the extenial surface of liie pelvis, and the 
muscles emerging fi’om the pelvis were cut at their points of exit, ex- 
cept that the psoas muscles were cut at their insertions on the femurs. 
The capsules of hip joints were cut. 


The dog was then placed on its back and a midlinc incision was 
made from the neck to the caudal end, from which point this incision 
was forked so as to pass around the external genitals to meet tiie doi'sa! 
oblique incisions. In the tlioracic region the incision ivas extended down 
to the middle of the sternum and the pcetoralis mnseJo.s u-erc dissected 
from the chest wall. Care was taken to leave the attae/iment.s of the 
external oblique musclc.s intact. In the region of the abdomen 
shin and all the siija’i-fieial fat and fascia were rctlccted from the 

abdominal muscles. 

1 f'lscia were then dis-sected irwn tJie jiiiiseles of the nvek 
SIdn an ‘ m„i,]jir vein. The siibcJavian and hraehial 

laterally to ° vu^icls were ligated and divided. The in- 

plexus were exposed. 

-^p..arorPubUcat>on. F.b. I.. 
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sertions of the rhomboids and seiTatus muscles were dissected from the 
vertebral border of the scapula, and these muscles were separated from 
the latissimus dorsi and were not included with the extremities. The 
skin, omotransverse and bi’achiocephalic muscles were cut across just 
below the ascending cervical branch of the jugular vein and just above 
a group of lymph glands present in this region. The upper extremity 
was thus severed from the trunk. 

The femoral vessels were exposed, cut, and ligated. The extenial 
genitals were removed from the pubis and the origins of the adductor 
muscles in the midline of the pubis were divided dorni to the sjnnphysis. 
The muscles attached anteriorly to the external surface of the pelvis were 
freed from the bone, and the posterior extremity was thus severed from 
the trunk. 


Mumhex- of 
Dogs 
6-r • 




3 






o J 1 1 ! ! 

•go -40 -60 -80 ^ 

Difference in of Body ffejqht 

Fie. 1. 

In this manner both extremities with superficial tissues of the trimk 
on each side were removed in one piece. Such dissection included fluid 
which had extravasated into the groins and flanks. The paired ex- 
tremities of either side wei'e weighed on a scale with an accuraej* of 
1 Gm., and these weights together with the total weight of the dog were 
recorded. The dissection and weighing were readily accomplished 
within an hour’s time. 

Fifteen control dissections and 6 dissections on traumatized dogs 
u'ere performed. In 2 of the controls (Xos. 9 and 10) the method was 
further tested by i) ’ ^‘ug a known weight of blood into the extremities 
side. Thv of weight “recovered” was then compared 

• .ed. 



A TECHNIQUE FOR THE MEASUREMENT OP LOCAL FLUID 
LOSS IN EXPERIMENTAL TRAUMATIC SHOCK 

M. L. Cullen, M.D., and N. E. Preejian, M.D., Philadelphia, Pa. 
(Frovi the Harrison Department of Surgical Fesearcli Schools of Medicine, 
TJniversity of Pennsylvania) 

T N THE course of experiments on traumatic shock, it became necessary 
to measure the amount of fluid lost into the traumatized extremities. 
The present experiments were undertaken to test the accuracy of measur- 
ing fluid loss by careful anatomical separation of the homolateral ex- 
tremities with intervening tissue and comparing tlie weights of opposite 
sides. 

TECHNIQUE 


After clipping the hair from the areas to be incised, with the dog 
placed on its abdomen, a midline incision was made from just below 
the base of the slaill doum over the middle of the spine to the tail. 
From the caudal end of this incision two oblique symmetrical incisions 
were made on either side of the tail and rectum. The superficial fascia 
and attachments of trapezius and latissimns dorsi muscles were divided 
close to the spinous processes. The origins of the latissimus dorsi were 
cleanly separated from tlie lumbodorsal fascia and the last two ribs. 
The erector spinal muscles were left on tlie trunk. 

With the knife edge kept close to the pelvic bone, the mass of hip 
muscles was dissected from the external surface of the pelvis, and the 
muscles emerging from the pelvis were cut at their points of exit, ex- 
cept that the psoas muscles were cut at their insertions on the femurs. 
The capsules of hip joints were cut. 


The dog was then placed on its back and a midline incision was 
made from the neck to the caudal end, from which point this incision 
was forked so as to pass around the external genitals to meet the dorsal 
oblique incisions. In tlie thoracic region tlie incision was extended down 
to the middle of the sternum and the pecloralis muscles were di.ssccted 
from the chest wall. Care was taken to leave the attachments of tlie 
recti and external obliiiue muscles intact. In tlie region of the abdomen 
sldn and all the superficial fat and fascia were re/lcetcd from the 


tbdominal muscles. 

dl-in and fascia were then dis-.ected iron, the mu.sel,.H ol 
^1, * ♦ tlie iu-ular vein. The .subclavian ve.ssels and 
flelS weiT exposed. The ve-s-sels were ligated ami divided. 

^wearor rubucauen. Feb. 13. 


the neck 
brachial 
The in- 
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RESULTS 

In 15 control dissections (Table I) an average difference with respect 
to body n eight of 0 32 per cent was obtained. In 1 ease (No. 10) a larger 
error resulted when the bisected part, which had been injected with 
blood, was allowed to rest in a pail, and there was leakage of some of 
the injected blood. In another case (No. 11) a larger error resnlted pos- 
sibly because the skin of one side was wet before the dissection. Ex- 
cluding these errors, the control figiiies might have been lowered. 
Fig. 1 shows the distribution of difference in weight between the two 
sides expressed in terms of body weight. In 11 out of 15 control dis- 
sections, the difference was less than O.-l per cent. 

Table II 


Locvi. Fllid Loss in Trvumiwed Dogs* 




WEIGHT 

(GM.) 




EX- 

PERI 

MENT 

TOTUi 

EIGHT 

OF DOO 

TRAE 

iiv 

TIZE0 

E\ 

THEM 

ITIFS 

NOR 

M VL 

E\ 

TREil 

ITIES 

DIFFER 

E\CE 

LONS AS 
PER 

CENT OF 
BOON 
WFIGHT 

RE3X VRKS 

1 


4,705 

3,835 

S70 

m 

Recovered from trauma; sacn 
hoed 7 hr. later; autops} diowed 
only signs of hemorrhage 

2 


3,400 




Died 1 hr. after trauma m shock 

3 



Bll till 


5.1 

Died 3 hr. after trauma m shock 

4 

11,700 


1% fill 

4S5 

0.7 

Died 3r hr. after trauma m shock 

5 

11,000 


1,015 

305 

35 

Died 4 hr. after trauma m shock 

6 

0,000 

1,305 

957 

343 

5 8 

Died m shock 3^ hr. after trauma; 
previoush p.irtially sjmpathee 
tomizcd, but left splancimics 
were intact 


• v\eragi; difterence. 196 3 Gm average per cent losb m regard to bodj rveight, 4 6. 


In 6 di-Nseetioiis on traumatized dogs (Table II), an aierage dif- 
terence of 1 6 per cent with respect to body weight was obtained. These 
figures approximate the fignies on local fluid loss in comparable experi- 
ments by Blalock and otliers. In absolute figures there was an average 
“dissection'’ eiior of 32 3 Om in controls compared to an average dif- 
feieiiee ot 496 3 f!in in the dissections on traumatized dogs. 

D1SCUS3IOX 

Cannon ami Bajliss' fiiht attempted to measure local fluid loss in e.x- 
licriiiiental traumatic shock by amputating the logs with symmetrical 
cuts acioss the upper thighs and comparing the weight of the traii- 
iii<iti/cd leg witli that of the opposite normal leg. It was later shown 
iiy Parsons and Phemister- and BlaloclC that such measurements failed 
to iiichidc blood .iiul fluid which cxtiaiasatcd into the groin and flank 
Blalock modified their techniiiue by making a midline abdominal in- 
cision, tjiiig off the aorta and vena cava, clamping the iliac vessels. 
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In llie traiunati/od experiments, Iraunid was perfoimed by the tech- 
nique oi’ Ivendiiek, Lssex, and Ilelinliolz Tlie dogs 'were anesthetized 
with etliei and l,i)00 blows with a lubbcr liainmcr were adnnnisteied 
ovei a foity-niinute peiiod to both the foie- and liindniuscles on one 
side. 

Tabll I 

CoNTliOL DlSSFCriO.V ExPfRIirt.N'lS 


EX- 
Phltl- 
MEX r 


9 

10 

11 

12 

13 

14 

15 


Wl IGllT. (OM ) 


TOTAL 
Wfcioni 
or 1)00 


15.000 

9.700 

5,400 

3.000 
0,000 
5,300 

10.500 

13.500 

5.700 
5,400 

13,000 

17,400 

5,000 

5,300 

14,900 


I LIT 
I \- 
THLM- 
ITII S 


2,715 

1,770 

970 

SOO 
1,1 OS 
562 
2,330 

1,045 

SS3* 

SoOt 

2,S15 

3,155 

523 

025 

1,999 


UIOIIT 

E\- 

TRLM- 

ITILS 


2,730 

1,S20 

975 

SOO 

1,139 

574 

2,290 

1,700 

S80 

SIO 

2,710 

3,200 

538 

l)3G 

1,942 


Diuru 

LNCl 


15 


50 


0 

29 

14 

34 


40 


105 


45 


15 


11 


If LID 
loss \S 
l‘LR 

Cl NT 01 
BODY 

wriGiir 


RFIIARKS 


0 10 I Normal male accidentallj killed 
undei ether 

0 51 iPostoperatue death (bilateril ab 
dominal sj mpathectomj ) ; pre 
\ious thoiacic sjmpatheetomy 

0.09 I Postoperative death (bilateial 
steliate ganghonectomy and ab 
dominal sjmpatheetomy) 

0 12 Same circumstances as w No 3 

0 48 Same circumstances as in No 3 

0 20 Same circumstances as in No 3 

0 32 Died 2 dajs aftei severe bleeding, 

moderate hematoma in right 
thigh, obese 

0 40 I Killed by chloioform, lying on 
light side several hours before 
dissection 

0 05 I'rested foi lecoveiy of blood in 
jected into thigh muscle 

0 74 I Died from peritonitis, tested as 
in No 9, but theie was leak 
age of lujected blood before the 
neighing was done 

0 77 I Lying on left side many hours be 
fore dissection, fur on this side 
net 

0 20 Noiiiial male accidentally killed 
under ether 

0 30 Died 10 days postoperatively of 
distemper and pneumonia 

0 20 |Died 3 vvk postopcratively; pneu 
monia and pleural etfusion 

0 38 iDietl 24 hr. postopcratively, mas 
sivo consolid ition of right lung 


this extremit} at disstctJon was 1.JJ3 am minus _>j0 Gin Injccttil 

for'wslillE'M'tnory fJf'LremSy at ElasccUon was 1.110 C.111 minus 010 Cm Injeoli.l 
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RESULTS 

In 15 control dissections (Table I) an average difference \vith respect 
to body weight of 0.32 per cent was obtained. In 1 case (No. 10) a larger 
error resulted wlien tlie bisected part, which had been injected witli 
blood, -was allowed to rest in a pail, and there was leakage of some of 
the injected blood. In another case (No. 11) a larger error resulted pos- 
sibly because the skin of one side was wet before the dissection. Ex- 
cluding these errors, the control figures might have been lowered. 
Pig. 1 shows the distribution of difference in weight between the two 
sides expressed in terms of bodj- weight. In 11 out of 15 control dis- 
sections, the difference was less than 0.4 per cent. 

T-vble II 


Local Fluid Loss ix Traum.vtized Dogs* 




WEIGHT 

(GM.) 




EX- 

PERI- 

MENT 

TOTAE 

\VEIGHT 

OF DOG 

TRAC- 

MA- 

TIZED 

EX- 

TREM- 

ITIES 

nor- 

mal 

EX- 

TREM- 

ITIES 

PIFFEK- 

ENCE 

LOSS AS 

PER 

CENT OF 
BODY 
WEIGHT 

RElt-VKKS 

1 


•i, { 05 

3,S35 

S70 

5-1 

Recovered from trauma; sacri- 
ficed 7 hr. later; autopsy showed 
only signs of hemorrhage 

2 


.l.IOO 



4.3 

Died 1 hr. after trauma in shock 

3 

7,200 

1,7S0 

bhi m 


5.1 

Died 3 hr. after trauma in shock 

i 

12,700 

2,S25 

BKI il 

4S5 

0.7 

Died 31 hr. after trauma in shock 

5 


1,920 

BKq m 


3.5 

Died 4 hr. after trauma in shock 

0 


1,305 

957 

34S 

5.8 

Died in shock 3t hr. after trauma; 
previously partially sraipatliee- 
tomized, but left splanchnics 
were intact 


•Aveiaso difference, 496.3 Gm. ; averaue per cent loss in icgard to body weight, 4.6. 


In 6 dissections on traumatized dogs (Table II), an average dif- 
ference of 4.6 per cent with respect to body weight was obtained. These 
figures approximate the figures on local fluid loss in comparable experi- 
ments by Blalock and others. In absolute figures there ivas an average 
■■dissection’’ error of 32.3 Gm. in controls compared to an average dif- 
ference of 496.3 Gm. in the dis.sections on traumatized dogs. 

DLSCUSSIOX 

Gannon and Bayli.ss’ first attempted to measure local fluid loss in ex- 
perimental traumatic shock by amputating tlie legs with symmetrical 
cuts aeross the upper thighs and comparing the weight of the trau- 
matized leg witli tliat of the opposite normal leg. It was later shown 
iiy Pai-sons and Phemister- and Blalock^ that such measurements failed 
to include blood and fluid which extrava.safed into the groin and flank 
Blalock modified their teclmifine by making a midline abdominal in- 
cision. tying off the aorta and vena cava, clamping the iliac ve.ssels. 
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splitting the symphysis pubis with a saw, removing the rectum and 
bladder, and bisecting the carcass in the midabdominal region. He then 
divided the hind end of the animal by sawing down the middle of the 
veitebral column. In a later article Blalock"* described another method 
for measuring local fluid loss in experimental burns. This technique 
consisted in removing all abdominal and thoracic contents, sawing off 
the head in the plane of symmetrical transverse cervical incisions, saw- 
ing through the symphysis pubis, and removing the vertebral column 
and tail en masse by sawing across all the costovertebral junctions and 
the sacroiliac joints. The animal was thus bisected. No control figures 
were given to show the accuracy of this method. More recently 
Harkins,*’ using Blalock’s second technique, gives the results on bisec- 
tions of 7 normal animals. He found an average difference between 
the two sides equivalent to 0.38 per cent of body weight. Harlans has 
also devised a method (Nos. 6 and 7) for measuring fluid shifts con- 
tinuously in experimental burns by the use of a “tipping” apparatus. 
While this technique is useful in studying the time of weight increase in 
the ease of burns, it does not appear to be practicable in trauma experi- 
ments. Best and Solandt® are at present measuring local fluid loss 
after trauma by means of displacement of water. They then dissect 
out any tissue in the groin and flank containing blood which has col- 
lected there and add it to the weight of the limb. A detailed descrip- 
tion of this work has not yet appeared in the literature. 

The method described in this paper of measuring local fluid loss by 
anatomical dissection is not without error, but the error is small in 
comparison to the difference in weight observed in “trauma” experi- 
ments. The error is theoretically less than that occurring in the use 
of Blalock’s bisection technique, since less tissue unaffected by trauma 
is included. In addition, the use of simple dissection appears to have 
the advantage of speed over the necessity for using a saw, as in 
Blalock’s method. 

With practice in the dissection the error can be made still lower. 
The results in the last 4 dissections (the figures are listed chron- 
ologically) indicate a smaller error, 0.27 per cent, than in those of the 
earlier dissections. 

The use of comparative weights of normal and traumatized limbs 
as a measure of local fluid loss has been criticized*’ on the grounds 
that a lai’O’e portion of the fluid in the traumatized area comes from 
the normal side, thus doubling the error. This argument appears to 
^ ^ n "ous in view of the fact that the extravasated fluid in the area 
be fa ac body as well as from the normal 

of trauma comes ^ 


extremities. 


SmiJIARY 


. ^ for the measurement of local fluid lo.ss in e.x- 

A method is descimeu 
perimeiital traumatic shock. 
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In 15 control experiments an average error equivalent to 0.32 per 
cent of body weight was obtained. 

In 6 trauma experiments there was an average local fluid loss equiva- 
lent to 4.6 per cent of body weight. 
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A New Analgesic and Antiseptic por the Genitourinary System 
Charles F. Elvers and Carl E. Burkland, Baltimore, Md. 

(lFro7}i the Jwnes Buchanan Brady Urological Institute, Johns Hophins Sospiial) 


QEVERiVL years ago one of us (0. P, B.) noted that among the many 
patients treated at the Brady Urological Institute for interstitial 
e 3 'slitis, tuberculosis of the bladder, tumors of the bladder, etc., a small 
percentage obtained considerable relief from their acute sj^mptoms, as 
well as from the discomfort following fulguration and instnimenta- 
tion, if a small quantity of oil of uiaouli was injected into the bladder 
immediately after the treatment was given. 

Although this was effective in manj'- cases, the results were not all that 
could be desired and a number of patients were found who did not react 
favorably to the niaouli. 

In the preparation used, the active principle consisting of oil of 
niaouli is carried in a medium of olive oil, the viscosity of which makes 
its injection into the bladder difficult unless a special pelvic syringe of 
fairlj'- large caliber is used. It was available in the United States as a 
propi'ietary pi-oduet only, the supplj’- then being limited, and at present 
being rather difficult to obtain. 

Because of the results obtained in favorable cases following the in- 
stillation of this solution, it seemed highly desirable that a preparation 
be produced which would contain all of the elements of medicinal value 
found in niaouli oil, and in addition, be more highly bacteriostatic, non- 
irritating, and of a viscosit.y which would peimit its being easily in- 
jected through catheters or instruments of small caliber. 

A survey of the list of products derived from numerous plants of the 
Myrtaceae famiJj^ and paificidarly the species HfeJaleuca, the group from 
which niaouli oil is obtained, i-evealed an interesting group of oils con- 


taining alcohols, aldehydes, terpenes, etc., of con.siderahle medicinal 
value, most of which have been in general use in the Orient for centuries 
and some of which are now recognized and described in the materia 
medica of Europe and America. 


Amon®' this group of oils one was found which seemed to possess 

raeticall.v all of the desirable features for ivhieh wo were seeking. This 

^'as cajeput oil, the essential oil extracted by distillation from the fresh 

1 ' r ' and twigs of Melaleuca leucadendron, nsnally tlie variety knoivn 

'ennfi riridifiora, a shrub common to all of the Ea.st Indies Islands. 

valuable constituent of this oil appears to he the akohol 
The most w 

caDCpu 0 10 19 ^ g.jj.niinative, stimulant, diapiioretie, pnnisiticide. 

It is sau^^_^ It nonirritatiinr and efteefive when dissolved in 

^ved lor publication, duly C-V RUL 
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neutral fixed oils in dilution of 5 per cent. The redistilled oil which is 
official in the Pharmacopoeia of the United States of America should 
be specified for medicinal uses. 

For a long time benzoin has been accepted as one of the best preserva- 
tives for fatt 3 " ointment bases, espeeiallj- for lard, and it is generally- 
conceded that its preservative strength increases with its hydroxybenzoie 
ester content. Parahydroxybenzoic acid esters have proved also to be of 
considerable value as preservatives for solutions containing alkaloids 
used in the treatment of eye conditions, more particularly in eases of 
surgery of the eye. 

In their research work with animals Sehubel and Manger demon- 
strated that the toxic effect of the disinfectant here used in effective 
dilution is so sliglit that it may be disregarded. 

Sabalitschka in his studies of the germicidal value of the various esters 
of parahydroxybenzoic acid found that the propyl ester remained effec- 
tive in a dilution of 0.05 per cent as here shown in his tables (Tables I 
and II). 

T.\bi.e I-* 


Mixed Ccltures or St-wiiylococci, Stkeptococci, .\xd E. coli Obt.mxed Fkom 

He-vvy Okbit.vphlegiiox 


PUOP\-L P-HYDIiO.XV-BE.VZO.VTE 

, COXCENTRATIOK 

1 0.03% 

0.04% 

0.05% 

CONTROL 

24-lir. culture | 

! 4* + 

+ 


4* -f + 4- 

4S-lir. culture 

++ 



4-4- 4-t 

72-hour culture 

! +-1- ' 



4" 4- 4" 4" 


Table II* 

F.veumococcos With Levith.vl Ao.ut 


PilOI’VL P-HYUUOXY-BEKZOATE 

CONCENTRATION 

t 0.05% 

CONTROL 

24-lir. culture 

48-Iir. culture i 


4-4- 
4- 4" 


•The tabulation is taken from the report of Subalitbchka.' 


Staphylococcus and mixed cultures in bouillon with 0.1 per cent para- 
li.vdroxj-bcnzoate were negative bj' reiuoeulation after twent.v-four Jiours. 
Sabalit.sehl;a further states that the growtli obtained from the above 
organisms on Levitlml agar eorresponded to re.sults with other bacteria 
on agar-agar and the investigations with liquid nutrient media were in 
general .somewlial better than on solid nutrients. 

Since this {irop.vl ester of parahj’dro.x.vbenzoic acid is nouirritatiiig, 
haeieriostatic in higJi dihitioiw, and directly .soluble in oil, it has been 
n.sed in llie preparation of eajedrol in a dilution of 0.1 per cent. 

As a. medium to eariy the eajcjmt oil and hydvoxyheuzo'ic ester ive 
fouml the most desirable to lie Oleum orchis fAmeriean peanut oil, 
edilile varietj'). This bland I’attj- oil has low vi.scositi’, is nouirritatiiig 
and an exeelkmt solvent for volatile oil. It is light, less viscous, and 
le.ss prone to rancidity than the olive oil or sweet almond oil generally 
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A New Analgesic and Antiseptic fob the Genitourinary System 
Charles P . Elvers and Carl E. BuRKLiVND, Baltimore, Md. 

(From the James Buchanan Brady Urological Institute, Johns BopMns Bospital) 


O EVERAL years ago one of ns (C. P. E.) noted that among the many 
patients treated at the Brady Urological Institute for interstitial 
cj’^stitis, tuberculosis of the bladder, tumors of the bladder, etc., a small 
percentage obtained consideimble relief from their acute symptoms, as 
well as from the discomfort following fulguration and instrumenta- 
tion, if a small quantity of oil of niaouli was injected into the bladder 
immediately after the treatment was given. 

Although this was effective in many cases, the results were not all that 
could be desired and a number of patients were found who did not react 
favorably to the niaouli. 

In the preparation used, tiie active principle consisting of oil of 
niaouli is carried in a medium of olive oil, the viscosity of which makes 
its injection into the bladder difficult unless a special pelvic syringe of 
fairly large caliber is used. It was available in the United States as a 
proprietary product only, the supply then being limited, and at present 
being rather difficult to obtain. 

Because of the results obtained in favorable cases following the in- 
stillation of this solution, it seemed highlj’' desirable that a preparation 
be produced which would contain all of the elements of medicinal value 
found in niaouli oil, and in addition, be more highly bacteriostatic, non- 
irritating, and of a viscosity which would permit its being easily in- 
jected through catheters or instruments of small caliber. 

A survey of the list of products derived from numerous plants of the 
Myrtaceae family and particularly the species Melaleuca, the group from 
which niaouli oil is obtained, revealed an interesting grouj) of oils con- 
taining alcohols, aldeh,vdes, terjienes, etc., of considerable medicinal 
value most of which have been in general use in the Orient for centuries 
and some of which are now recognized and described in the materia 


medica of Europe and America. 

Amon" this group of oils one was found which seemed to possess 
•actically all of the desirable features for which we were seeking. This 
^'as cajeput oil, the essential oil extracted by distillation from the fresh 

Islands, 
to be the alcohol 


id twi"S of dielaleitca Icucadendron, usually the vaiiety ki 

viridillora, a shrub common to all of the East Indies Ish 

The"S valuable constituent of this oil appears 

A wf U 1 a variety of eineol. 
geputol a 


cajepiuo \ 10 ^ carminative, stimulant, diaphoretic, parasiticide, 

It is saic o . iionirritating and effective when di.s.solved in 

and antiseptic, it is 

-^vea lorpubUcation. luW C.'.. 101U_^ 
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Case 3.— H. D. (BUI 30245), a 64-year-old woman, had an ulcer of the bladder 
which had resulted from treatment elsewhere of carcinoma of the cervix with radium. 
She suffered from frequency, burning, pain, and strangury. Moderate relief followed 
the instillation of cajedrol every day for a week. 

Case 4.— U. E. T. (BUI 3Q40S), a 50-year-old white man, had a history of 
chronic prostatitis, vesiculitis, and prostatic calculi. Culture of the urine yielded 
Staphylococcus aureus. He was improved by prostatic massage and diathermy, and 
the urine was rendered sterile by the use of sulfathiazoie, but he still had moderate 
frequency, urgency, and some nocturia wlrich were greatly alleviated by triweekly 
instillations of cajedrol into the bladder over a period of two weeks, after which 
he returned to work. Within two months his bladder capacity increased from 40 
to 250 e.c. 

Case 5. — H. G, (BUI 2726S), a 43-year-old woman, had chronic urethritis. She 
complained considerably of frequency, burning on urination, and urgency wMch 
did not respond to the usual forms of treatment, but upon having instillations of 
cajedrol on three occasions the symptoms were very markedly relieved. 

Case 6. — ^S. S., a woman 50 years of age, had chronic urethritis and urinary 
tract infection which was improved by the administration of sulfanilamide and local 
treatment for the urethritis, but moderate burning, urgency, and some frequency 
persisted. These symptonis were considerably alleviated by a few instillations of 
cajedrol. 

Case 7. — Z. M. (BUI 28370), a woman 41 years of age, had right renal tubercu- 
losis and tuberculous cystitis. She suffered from marked burning, frequency, and noc- 
turia. Following several injections of cajedrol she noted a decrease in the burning 
and absence of nocturia. Cystoscopy disclosed considerable improvement in the 
ulceration along the base of the bladder. 

Case 8. — -W. S. (BUI 22442), a white man SO years of age, returned after an 
absence of eight years because of terminal hematuria, marked frequency, burning, 
and urgency. Cystoscopy revealed a contracted bladder and marked cystitis. The 
urine was cloudy. He was given hydraulic dilatation of the bladder and instillations 
of cajedrol, 1 ounce, three times a week, for two weeks. Two months later there 
was marked alleviation of symptoms. He had only slight frequency, no urgency 
or burning, and the urine was clear. His bladder capacity had increased from 60 
to 360 c.c. 

Case 9.— J. S. (BUI 28809), a woman 43 years of age, with urinary tract in- 
fection and chronic urethritis, suffered considerably from bladder spasms, nocturia, 
burning, and urgency. She was treated by antiseptics by mouth and local applica- 
tions of nitrate of silver to the urethra, but only after being given cajedrol did 
she obtain constder.able relief from her severe symptoms. 

C.vsE 10. N. A. (BUI 25G8S), a Tl-year-old white man, following prostatectomy 
some years previously, returned with cloudy urine, considerable urgency, frequency, 
arid burning. Uis bladder capacity was 50 c.c. He improved considerably following 
forced fluids and irrigations of the bladder with sulfathi.azole, but the burning and 
urgency disappeared only after the instillation of cajedrol daily for ten days. 
The bladder capacity increased to 400 c.c. 

r.iSF. 11.— L, D. (BUI 1924), a middle-aged white man with a tumor of the 
blmhler of long duration was given cajedrol two to three times a week for two 
dc^'S'ed'^'''" consi<lerabiy; the frequency and urgency 

Wc itre indebted to Dr. Humphrey D. AYolfe, of Wilmington, Del., 

for n report on a serio.s of cases in wliieh he has empiovecl intravesical 
injection.s of cajedrol. 
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used in similar preparations. The oils and esters here described and 
used in making cajedrol are U.S.P. standard and are used in the follow- 
ing proportions : 

Parahydroxybenzoate (propyl) 1 6m. 

Oleum cajeputi 50 c.e. 

Oleum archis in quantity sufficient to make 1 liter 

These ai’e readily obtainable in the United States and at comparatively 
low cost. 

The effectiveness of cajedrol as an agent in relieving the distressing 
symptoms in many types of aente and chronic cystitis and other patho- 
logic conditions of the bladder appears to be directly due to the thera- 
peutic effect of the essential oil of eajeput plus the additional antiseptic 
or bacteriostatic action of the oU-soluhle propyl ester of parahydroxy- 
benzoic acid. The bland medium Oleum archis serves as a coating and 
protective Sim on the surface of the bladder wall. 

During the past three years at the Brady Urological Institute we have 
used cajedrol in place of gomenol, which we formerly got from Prance. 
We have foimd cajedrol a soothing analgesic and a mild antiseptic. 
Cajedrol alleviates the distressing symptoms of various types of 
cystitis and other painful lesions, bladder tumor, prostatitis and vesicu- 
litis, and the iiTitation that often follows instrumentation of the urethra 
and bladder. It is helpful in relieviiig bladder spasms which often are 
associated with these conditions, as well as allaying the symptoms of 
marked frequency, urgency^ burning, strangury, and pain. We usually 
instill 10 to 15 c.c. into the bladder tlwough a catheter at daily or bi- 
weekly intervals. Cajedrol is not a cui’e-aU, but used in conjunction 
with established therapeutic procedures, it sometimes affords relief from 
distressing symptoms. In a few cases cajedrol has been injected up the 
ureter during the use of the Coiineill stone extractor and has facilitated 
withdrawal of this instrument rvhcn there has been some difficulty due 
to spasm of the ureter. We have noted no reactions or aggi’avation of 
symptoms in any patient from its use. 

The following are e-xamples of cases in which particular relief has 
been noted from the instillation of cajedrol into the bladder and urethra. 

j 5 , 1 . G. (BUI 30325), a 38-ycar-oJd Qroek liousoivifo, J;ad tuborcahnin 

f t!ie left kidney, ureter and bladder. Follorving- Jeft jjepJirouretercctoray nho com- 
^lained of marked frequency, burning, urgency, and suprapubic diicoiiifort and 
1*1 Ider spasms froni ulecrati%e cystitis. Tlie urine ivns cJoudy and t!ie bladder 
■ d twl ulcerated. An instillation of 1 ounce of cajeCro} was mnilo Into the 
inflMie a ^veeks. Her symplonis uere grentiy aWoivated, the urino 

bladder av y rvsto'copy tlie inllaramation and uiecratiim of tiie biadder 

became clear, ami an 

bad decreased greatly. 

0 (BUI 2(iSo6), a wliitc a Oman, 3S years of iige, bail 
Case 2.— '• ' . bladder. Slie complained of great frequency, 

ebronie uretbrtUs an gl,^; obtained relief from fJiJalaiion of the urethra, 

pain, and ^ Silver to the uretbra, fulguratiun of tbo puiypi, amt in- 

application of intra c^ 
stillation of cajeot , 
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Case 3. — S. D. (BUT 30245), a Oi-year-old woman, had an. nicer of the bladder 
which had resulted from treatment elsewhere of carcinoma of the cervix with radium. 
She sntfered from frequency, burning, pain, and strangury. Moderate relief followed 
the instillation of cajedrol every day for a week. 

Case 4.~P. E. T. (BUI 30403), a 59-year-old white man, had a history of 
chronic prostatitis, vesiculitis, and prostatie calculi. Culture of the urine yielded 
Staphylococcus aureus. He was improved by prostatie massage and diathermy, and 
the urine was rendered sterile by the use of sulfathiazole, but he still had moderate 
frequency, urgency, and some nocturia which were greatly alleviated by triweekly 
instillations of cajedrol into the bladder over a period of two weeks, after which 
he returned to work. IVithin two months his bladder capacity increased from 40 
to 230 c.e. 

Case 3.~S. G. (BUI 27268), a 43-year-old woman, had chronic nrethritis. She 
complained considerably of frequency, burning on urination, and urgency which 
did not respond to the usual forms of treatment, but upon having instillations of 
cajedrol on three occasions the simptoms were very markedly relieved. 

Case 6. — S. S., a woman 50 years of age, had chronic urethritis and urinary 
tract infection which was improved by the administration of sulfanilamide and local 
treatment for the urethritis, but moderate burning, urgency, and some frequency 
persisted. These symptoms were considerably alleviated by a few instillations of 
cajedrol. 

Case T. — Z. M. (BUI 285 70), a woman 41 years of age, had right renal tuhercu- 
losis and tuberculous cystitis. Slie suffered from marked burning, frequency, and noc- 
turia, Following several injections of cajedrol she noted a decrease in the burning 
and absence of nocturia. Cystoscopy disclosed considerable improvement in the 
ulceration along the base of the bladder. 

Case S. — ^W. S. (BUI 22442), a white man 50 years of age, returned after an 
absence of eight years because of terminal hematuria, marked frequency, burning, 
and urgency. Cystoscopy revealed a contracted bladder and marked C 3 ’stitis. The 
urine was cloudj'. He was given hj'draulie dilatation of the bladder and instillations 
of cajedrol, 1 ounce, tliree times a week, for two weeks. Two mouths later there 
was marked alleviation of sj'inptoras. He had onlj- slight frequency, no urgency 
or burning, and the urine was clear. His bladder capacitv- had increased from 60 
to 360 c.c. 

Case 9. — J. S. (BUI 2SS69), a woman 43 j-ears of age, ndth urinary tract in- 
fection and chronic urethritis, suffered considerablj- from bladder spasms, nocturia, 
burning, and urgcncj*. She was treated by antiseptics bj' mouth and local applica- 
tions of nitrate of silver to the urethra, but onlj* after being given cajedrol did 
she obtain considerable relief from her severe s.vmptoms. 

Case 10. N. A. (BUI 25GSS), a 71-j-ear-old wliite man, following prostatectomj" 
some years previously, returned with cloudy urine, considerable urgency, frequency, 
and burning. Uis bladder capacity was 30 c.e. He improved considerably following 
forced fluids and irrigations of the bladder with sulfathiazole, but the burning and 
urgency disappeared only after the instiUation of cajedrol daily for ten days. 
The bladder capacitv- increased to 400 c.c. 

Case ll. L. D. (BUI 1924), a middle-aged white man with a tumor of the 
blmlder of long duration w.as given cajedrol tuo to three times a week for two 
mouths. The bladder capacity increased eonsiderablv; the frequency and ur-enev 
dccrcascd, ' - a j 

_ We are iiulehted to Dr. Humphrey D. Wolfe, of Wilmington, Del, 
for a report on a series of eases in which he iias employed intravesical 
injeelions of cajedrol. 
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Case 12.— L. E. H., a 41-year-old man, complained of liematuiia, maiked fre- 
quency, and tenesmus. On cystoscopy the bladder was inflamed and congested, and 
there were numerous areas of submucosal hemorrhage. One bleeding area was ful- 
gurated. Biopsy showed only necrotic material. He was given a daily instillation 
of 8 c.e. of cajedrol for seven days with relief of the urgency and frequency. 
Cystoscopy one month later showed marked improvement iu the condition of the 
bladder and only a few discrete inflammatory lesions present. The bladder ca- 
pacity increased from 45 to 360 e.c. within five weeks. 

Case 13. — ^L. G., a ll-year-old white man, eomplaine.d of gross hematuria and 
frequency. On cystoscopy the bladder capacity was found to be markedly reduced. 
There were numerous hemorrhagic areas throughout the bladder, the mucosa of 
which had the appearance of raw beef. Tie was given daily instillations of cajedrol, 

8 C.C., for ten days. His sj'mptoms promptly disappeared. Examination of the 
bladder six weeks later sbowed a normal capacity and a normal mucosa, except for 
a few areas of congestion on the left lateral wall. 

Case 14. — L. E., a white man 53 years of age, had had periodic fulgurations of 
a bladder tumor for several months, but he usually was disturbed with painful 
bladder spasms and burning following these treatments. Intravesical injections of 
cajedrol, 10 c.c., resulted in marked benefit. 

Case 15. — H, M., a 65-year-old white man, who had been treated by fulguration 
and radium for a bladder tumor, had been bothered with marked frequency, noc- 
turia, urgency, and burning. Daily injections of cajedrol, 10 c.c., resulted in marked 
relief of the frequency, nocturia, and strangury. 


SUMMARY 

Products derived from plants of tlie Myrtaceae family have long been 
known to have considerable medicinal value. Of these cajepiit oil has 
been shown to be of maiked value. After much experimentation in the 
laboratozy and clinic a combination of parahydroxybenzoate (propyl), 
Oleum cajeputi and Oleum orchis was found to be a valuable compound 
for the x’elief of the distressing symptoms and many types of acute and 
chronic cystitis azid otlier pathologic conditions izi the bladder, Tliis 
compound, to which the name cajedrol has been given, now lias been used 
in many clinical cases. Bi-ief abstracts of some of these cases have been 
presented. Cajedrol has proved to be a soothing analgesic and a mild 
antiseptic and a useful adjunct along with other well-estaldishcd tliera- 
peutic procedures for the relief of distre.ssing .symptoms of general 
cystitis, interstitial cystitis, prostatitis, and also urethritis in the male 
and female. In some eases of marked ulceration of the bladder and 
Himor of the bladder, great improvement has lieen noted, as well as 
after instrumentation of the uretlira and bladdci-. A marked nieroasc in 
the capacity of the bladder has been noted in ea.se.s that received instilla- 
tions of cajedrol. Other details showing the value of cajedrol in varion.s 
vesical and lu’ethi-al lesions have been cited. 

, Is licreb,v iiuiilc to RoUerl .S. Fuau.i. Chief I’h.irm.icl.st, 

Grotefnl tor his v;ilu;iWi: as.sist)inco anil .suKKLstlon.s Jn the pnniant- 

Tohns Hopkins hospital, e,V[»rfs.s uur aiuircolathin ta Ur, i;, 1C. Jlar.'iliaK far 

IBkrelt ZTaJcl 'on revimvinE tho mamuscript. 
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MALIGNANT DEGENERATION IN A CASE OF MULTIPLE 
BENIGN EXOSTOSES 

With A Brief Eevte^v op the Literature 


George E. Bemxett, 3I.D., axd Georoe A. Berkheiher, M.D., 
Baetemore, Md. 

(From the Department of Orthopedic Surgery, Johns Hophins Dospital) 


A CLEAR conception of tlie type of tumor with which we are deal- 
ing’ seems the best approach to this subject. The literature abounds 
with long and detailed classifications of cartilaginous and osteocartilag- 
inous tumors, such as enehondvoma, ecebondvoma, osteochondroma, 
chondrodysplasia, etc. All these terms serve merely to differentiate 
bone tumors of cartilaginous natui’e according to the amount of calcified 
tissue thej’’ contain, their location, and their number. But they are all 
closely related, the enchondroina or chondroma being the most distant 
relative of the group in that it is aimost compietely cartilaginous in 
nature, occurs in the sliaft of the bone, and frequently becomes malig- 
nant. On the other hand, all of the other mentioned types of tumors 
rarely undergo malignant change and occur most frequently in the 
metaphyseal region of the bone where it is believed an abnormality of 
development takes place. This consists in either a complete or partial 
arrest of periosteal e.xtension across the metaphysis. Thus, there is lack- 
ing the usual limiting membrane of periosteum across the area and the 
underlying cartilage no longer has a restricted area of growdh. Con- 
sequently an overgi'owtli of cartilage develops and tumor formation oc- 
curs. As these tumors become more mature, however, the cartilage 
usually becomes normal bone. Therefore, we feel justified in referring 
to them simply as exo.stoses. Certainly, their appearance in the x-rays 
below .simulates that of bone of normal density. (Fig. 1.) 

Actually, many years a"o benign exostoses and chondromas were 
thought to be entirely different in composition, but as early as 1905 
Lenormant* reported a number of analogies between the two conditions. 
Research progressed along these lines until in 1939 Ivrcss= wrote that 
the.se two tumors are of the .same origin but that e.xostoses are chron- 
ologically older and are fairly in line with normal bone development 
and that eliondromas are comp<»sed of inuch j'ounger ti.ssiie and, as is 
generally true ol such ti.ssiie, undergo malignant change uuicli more 
fi'ciiuciitly, 

CASE report 


Die iti.slorv o( tfiit. c.-i-io of mulliiile is as follons: On May 15 10-10 

uliile playing at flu. j.alient, a 10-y«,r-«IJ boy, vva.s knocked down and tin’ 

laleni) .-n o of the riKkt tki^l, w.as l,rni..od. Tl.e injury wa.s not a severe one and 
d'^nhbn- but .-erve<l to attruvt the patient’s attention to llii.s region of 
It.eelveil for inihUcatlon, Feb. Ci, 1341 . 
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ills leg wliere a sn-elHn™ 
x-rays made at the timf f”"" «ie first f 

liistory of weight loss or of '’tf a LL“t’ 

„ J';- " ”4°X«LT " ““ "■ » 

~ !«.. tf'iSJtoj''” «f““ bott 1 -■■ 

■ '‘® latest adiiifion 



F,ff. t.-X-.-ays of the pat/enfs loft 

exostoses. '"' multiple beiilun 

to the family (represented by tl.o solid circle in tJw extrem,. l 
of the diagram) was only 5 months of age at the time his '"'“'r ngiit portion 

close observation reveals several proniineuees in tho nietanhv^^ 
very suggestive of the tumors found in his older relatiief 7i 
believe, is one of the youngest knona ca.-cs of nmltiplo evoain,,!'^'’ 
that approaches it being tliut of a d-month-ohi child reported bv .svou’ j 
Examination of this ncil-nourhhed, iO-vcarold hoy rciim/cd .a m 
right leg, just above the fcnee, on the lateral .surface of the thud; 
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and one-Iialf inches in size. It was hard and tender and a few superficial veins 
were seen in the overlying skin. X-rays revealed multiple exostoses scattered tiirough- 
out the skeletal system. The one noted at the lower end of tlie right femur, how- 
ever, was mucli more sclerotic tlian any of tlie others and, in addition, there was 
considerable periosteal reaction and some destruction of the cortex (Fig. I). 
Accordingly, the tumor was biopsied and the section diagnosed as osteogenic sar- 
coma. Dr. A. Bieii, of tlie Jolins Hopkins Medical School, pointed out the intense 



livitv nith frequent mitotic figures in the section .slumn in Fig. 
cellular growth ac ) pro. sent. There are large i-ells nith large, l.ypcr 

5. A great vanety iu.lcfinito cytopla-m and containing ond 

chromatic nuclei; ,,niuilIe-.-'haiied cells ami .-everal otlier t>pes of le-s 

or irregular-shaped "“J- " ' ; scattered osteoid spicules forming a .-ort 

frequent occurrence. ^ = X-r.ays of the chest, lmu..icr. uere negatjie and 


•< 

there was no „ • 


nr; 

Tin- MhV 


p;irrnt'4, 


BEKNETT AND BERKHEBIEK : MULTIPLE BEXIGX EXOSTOSES 785 


however, refused permission for additional operative procedures and preferred re- 
sorting to deep x-ray therapy, although authorities agree that this is effective 
to only a slight degree in this tj-pe of tumor. Tliis treatment was administered 
three times a week during the month of August, 19-10, but since then it has been 
given only twice a week. By using alternating sides of the leg for approach, x ray 
burns have been avoided and treatment has been uninterrupted. Follow-up s-rays 
have revealed that the tumor is slightly increased in size and that it is becoming 
increasingly sclerotic (Fig. 6). The chest continues clear. The patient looks well 
and there are no evidences of metastases. 



Fig ZI> — Set! opDOtoUe fot 


It is impossible to make any eoneliisive statements regarding these 
malignaneies on the basis of the limited number of eases at our disposal, 
Imt certain generalizations do seem to be taking form First of all. the 
fretpieney of malignant degeneration in eases of multiple, benign e.xos- 
toses seems to have been greatly e.viggerated and atiparently many eou- 
(lictiug statements have been made regarding tliis point. Most 'refer- 
ences and series, however, relate to single e.vostoses in wliieli eases 
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Geschickter and Copeland’^" state that malignant degeneration occurs so 
frequently as to he present in 7 per cent of all eases. This figure seems 
abnormally high and may well be explained by the fact that the vast 
majority of ordinary exostoses are asymptomatic and are never seen by 
physicians. Usually a doctor is consulted only when they become pain- 
ful or produce paralysis through impingement on a nerve or suddenly 




■ si^e as is the case in malignant dcgenoi'.ition. So .sub- 
increase in ! iiialimiant degeneration in c.i.scs of miiitip/c e.vostosc.s 
stantiai s in fact, isolated case reports occurring at veiy 

has ever been fileratinv ini't to otfer. American 

infrequent elcar-cut cases. One is that reported hr .Jcair 

authors present t u’Cc uumber of cuciumdrouuH underwent 

i,. a pottot i.i 'Vto«' 
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malignant change and then invaded the bladder. Fennel,® in 1938, de- 
scribed another occurring at the site of an exostosis of the femur and 
C'odman had a patient whose leg, and later, whose arm, he had to ampu- 
tate because of malignant degeneration of an exostosis of the femur and 
of the humerus. Ehrenfried,' in 1915 reviewed multiple exostoses in 
general and was able to report onlj’’ twelve cases; of these he does not 
give any ease history or evidence of their malignancy, yet states that 



Fig. IZf.— See ojipo^lto pagi; for logond. 


malignant degejieration oeeurred in 5 per cent of all cases. lie quotes 
two Preiich authors, Lenorniant and Lccene, who in 1905 collected 
twenty -four eases, most of whicli were fatal ; but, in view of the infre- 
queuey of thi.s elmiige, it is hardly probable that sueh degeneration wa.s 
the cause ot fliese fafalitie.s. Also, Isolated and infrequent ease.s have 
been reported in the foreign literature: Belot and Simchowitz,* in 1936, 
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reported a well-established case of malignancy evolving from one of 
man}^ benign exostoses, this occurring in the humerus; and Ciechauow- 
ski,® writing in the same year, reported a case of spindle-cell sarcoma 
in a patient with multiple exostoses. This terminated fatallj^, there be- 
ing metastases in the liver. Didier,^® in 1935, reported a case of chon- 
drosarcoma of the sternnm following the resection of a benign exostosis 
from the same site. And finally, Gardner,^^ in 1937, reported two cases 
that underwent malignant change. Both were treated with deep x-ray 
therapy ; the one died of heart failure and the other was living at the 
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time the paper m as published in 1939. In short, a review of the litera- 
ture reveals that malignancy does occur in ea.ses of multiple benign 
exostoses, but that it is a rare and infrequently reported complication. 
It is interesting to note that the later m-iters all consider malignant 
degeneration a very rare development in these eases, in eontradistinetion 
to the earlier authors who really had fewer and less convincing case re- 
ports but ivho spoke rather raslily of tlie relatively great frequency with 
which such tumors underwent malignant change. 

The pathologic picture presented by those exostoses which undergo 
malignant degeneration is generally reported as that of an osteogenic 
sarcoma, although ea.ses of chondrosarcoma and .spindle-cell sarcoma 
have been described. Geschickter'^ feels, ]iowe\er, that these osteogenic 
sarcomas usually contain more cartilaginous tissue than does this case 
in which the “lattice work” seemed composed entirely of osteoid spic- 
ules. But in marked contrast to the usual short duration of life with 
early inetastases, which is the usual story accompanying these tumors, 
most eases of malignant change occurring in a pre-existing exostosis 
have relatively long life spans. This may be explained by Copeland's''* 
‘■tatement that osteogenic sarcoma is a term loosely applied to a group 
of bone tumors that differ markedlj'' in their histologj" and degree of 
malignancy. At any rate, Fennel, whose case we have previously men- 
tioned, reported an Hawaiian named Hong Hun, but who was better 
known as “Knobby Willy — tlie Exostotic Kid,” in whom malignant 
degeneration occurred at the site of an exostosis of the femur. A sharp 
and thorough dissection was carried out, the patient refusing amputa- 
tion. Pathologic sections confirmed the diagnosis of osteogenic sarcoma. 
Pollow-up treatment consisted only of the implantation, for twenty- 
four hours of some radium seed.s. Thirteen <ind one-half years later the 
patient was perfectly well and actively employed at house painting. 
Codmaii’s case, too, wsis free from recurrence ten years after the ampu- 
tation of a leg and an arm Gardner’s eases, which were treated with 
deep .x-ray for several years, died of causes other than inetastases. So 
It does seem highly probable that Codman's suggestion in 1925 that 
osteogenic sarcoma arising in an exostosis has a better prognosis than 
the usual kind was a clear prediction of future findings. 

There h.is been >-01110 speculation, ton. regarding the factor concerned 
in the malignant degeneration of these e.xostoses In this case there was 
a history of trauma, but this injury served only to lead to discovery of 
the tumor and \-rays taken several weeks later showed maiigsiant change 
of a degree incompatible with the length of time intervening between 
the d.ite of injury and the .x-ray Kress feels that an exogenous factor, 
such as trauni.i. is coneeriied but that also an hereditary factor is pres- 
ent. In contr.Klietion of both of these theories is the case historv of 
our patient as well as those of two even more completely investigated 
eases reported by Gardner In all three instances the patients "^w ere 
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the only members of their respective families so afflicted ; but of the seven 
or eight complete histories found m the literature, the traumatic factor 
is present in approximately 70 per cent At the present time it seems 
that the fundamental elements concerned in the malignant degeneration 
of a benigai exostosis remain rather obscure, yet trauma does seem of 
some inipoi'tance. 
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,, tlie question ot treatment We believe tliat most 

Finally, uit looking at a mieioseopie see- 
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natural objections to amputation as well as tbe inability to guarantee 
against metastases or recurrence, there are a number of cases similar to 
this in which amputation was refused and deep x-ray was used. 
Geschickter, however, states that osteogenic sarcomas respond in only 
“slight degree” to such therapy. Similarly, the observers of the New 
York Memorial Hospital feel that deep x-ray has no effect at all on 
these malignancies. Yet our patient at the present time has no evidence 


1 i 
! 


I 



Fig HB — See oppo«ite p igo for IcgenO 

of metastases and his tumor lias increased only slightly in si.!e. Garchier 
rejiorts a ease in ivhieli deep .\-ray uas used for two and one-half years, 
at which time the patient died of heart failure He does state, however, 
that the tumor mass became larger during the course of treatment and 
that the patient became very emaciated. There are positive records of 
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long-term cures folloM'ing amputation, Coclman reporting one of ten 
years, Bo 3 'er another of eighteen years, and Fennel one of thirteen and 
one-half j'^ears. In view of these facts, it would seem that amputation is 
the treatment of choice, but in those eases which are inoperable or ui 
patients who refuse amputation a trial with deep x-ray therapy certainly 
seems indicated. 


SUJIM^VRT 

1. A ease of multiple, familial, benign exostoses in which malignant 
degeneration evolved from one of the exostoses is described. 

2. Slalignant degeneration of multiple exostoses is a rare complica- 
tion. 

3. The fundamental cause of malignant degeneration in multiple 
exostoses is obscure, although trainua seems a factor. 

4. The type of malig-uanej' most frequentlj- complicating cases of mul- 
tiple exostoses is an osteogenic sarcoma. 

5. The osteogenic sarcoma complicating multiple exostoses is a less 
malignant form than that usualty encountered. 

6. The treatment of choice is amputation, but the \ise of deep x-raj' 
therapj’' is indicated in those i)atients refusing sncli an heroic measure 
and in those cases which are inoperable. 
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THE PAKATHYROID GLANDS 
MALIGNANT TUMOR MHTH OSTEITIS FIBROSA CYSTICA 


R. J. Gektile,* M.D., Seattle, Wash. 

H. L. Skinxer,! M.D., Baltlmore, Md., axd L. L. Ashburx,^ 3LD., 

■\Vashixgtox, D. C. 

(From the Surgical Service, U. S. Marine Sospital, Baltimore, Md.) 

T he parathyroid glands, usually four in number, grow as paired 
structures from thickenings of the endoderm of the third and fourth 
branchial pouches. Their development is entirely independent of the 
thyroid gland. The superior pair of glands arise from the fourth 
pouches and are sometimes called ‘‘glandulae parathyroideac IV.” The 
inferior pair are derived from tlie tliird pouches and are sometimes 
called “glandulae parathyroideac III.” This transposition is brought 
about by the caudal migration of the branchial derivatives during which 
the thyroid gland and tlie “glandulae parathyrideae IV” have been 
outdistanced. 

The extremely close relationship of the parathyroid glands to the 
thyroid and thymus is accountable for the not infrequent presence of 
one or more parathyroid bodies within the tissues of these two glands. 
Although thymus tissue has i)een found within the parathyroid glands, 
no thyroid tissue has ever been discovered therein. 

A human being usually possesses four parathyroid glands. However, 
many variatioms in number have been found. In some cases experienced 
di.ssectors, such as IMlkan\-i,‘ have been able to find only one gland. 
^lacCallum- has been able to find five pairs of these glands in one 
persozi. Symmetry may not be constant. Failure to find at least four 
glands may be attributed to one or more of the following causes: (1) 
congenital absence of one or more glands, (2) inclasion within the thy- 
roid or thymus glands, (3) abnormal position and asymmetry of the 
glands, and (4) unskilled or impatient dis.sectors. 

Each gland may show marked variations in size, shape, weight, and 
.sometimes color. Each may vary from 3 to 15 mm. in length, from 
2 to 4 mm. in diameter, and from 0.5 to 2 mm. in thickness. The size 
of any one body is thought to be dcpcndezit, in paif, on the total number 
present, the ratio being an invei'se one. Because of the soft, flabby, and 
yet inelastic consistency of the gland, the shape is easily altered by the 
pres.sure of structures. 

Pappenheimer and Wilems^ found that the average weight of the 
upper glands ranges from 0.027 to 0.032 Gm. each. The lower glands 

•P.i-M'il .SurKonii, r S. .'U:irini> Hospital. W.isli. 

t.Sur>rvon. I’. S M.irtnr Ho-plt,iI, n.iltlmoro. iftl, 

tl’.i'-fil .'JuiBcon. .\.itii)n.il l(i...tltuu- of lU.iUli. 'W.i.'.hinstoii D C 

lU cilSi,! for luiblii .ilion. Ki I) IT. 1911. 
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were found to bo approximately 20 per cent Jicaviei’. In females, during 
active sexual life, the parathyroids have been found to be even an addi- 
tional 20 per cent heavier. 

In infancy and cliildhood the glands are a light yellowish red, and 
with increasing age there is a gradual darkening to a yelloAvish brown 
or reddish brown color. 


The superior pair are more constant in position and usually are 
found on the posteromedial sinface of the thyroid lobes at about the 
level of the jiiiictioii ot the upper and middle thirds of this structure. 
The inferior pair are commonly found on the posterior surface of the 
inferior pole of tlie thyroid. However, their positions may vary from 
the angle of the jaw to the anterior mediastinum, and from in front of 
the thyroid to a position posterior to the esophagus.^'' 

The blood supplj' of both upper and lower pairs is received from 
bi'anches of the inferior thyroid artery. The superior pair may occa- 
sionally be supplied by a branch from an anastomosing trunk of the 
superior and inferior thyroid arteries. The arteries are of tlie terminal 
or “end” type.^ 

The nerve supply is fui'iiished by a few, nonmedullated nerves, vaso- 
motor in functioii, which arise in the middle and inferior ganglions of 
the cervical sympathetic trunk.® 

Thus far, there has been no detailed study of the lyinphatics. 

Prior to 1935 confusion existed as to the types of cells composing 
the parathyroid glands. In that year, Castleman and Mallory“ recog- 
nized four major cell types with transitional foi-ms. Ulorgan” in 1936 
studied the cytology of over 300 normal glands. He also recognized the 
same four cell types: i.e., the pale principal cell, the dark principal 
cell, the dai’k oxyphilic cell, and pale oxyphilic cell. He stated that the 
pale principal cell is the primary one from which all other types arise in 
the order just described. 

The essentiallj^ basophilic pale principal cells comprise tlie hulk of the 


gland, and altliougli present throughout life, the 3 ’^ decrease relatively in 
number with advancing age. They are round to polygonal in sJiape, 
with a diameter of 7 to 15 microns, witli a nucleus measuring 5 to 6 
microns. The cytoplasm consists of an irregular network of particles 


of various sizes. When these particles are stained by the pyroiiine 
methyl-green method, they appear light red. Vesieulation is present, 
nd as this increases, the cytoplasmic network is pushed to the peripheiy. 
mi ■ increases the prominence of the limiting membrane. 'When vesicu- 
^ ■ extreme, the nucleus appears to be l.ying free in an empty cell 

lation 5S - present in infane^’^ and increase in num- 

The dar advancing yeans. They are smaller than the pale 

her relative y ^ measuring from 6 to 12 microns. The cytojila-sniic 
variet}’’, tlie ^ ^ ^ ^ fi-agmented and vesieulation is present. The 

network is mpasuius 3.5 to 5 microns in diameter, is irregular 

nucleus is small, it 
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in shape, contains closely packed chromatin granules, and takes a deeper 
stain than the nucleus of the pale type. 

The dark oxyphil cells are relatively few in number. They measure 
from 6 to 14 microns in diameter, are polygonal in shape, with oxyphilic 
cytoplasm almost or entirely filled with gi’anules of a fairly uniform 
size. The nucleus is similar in appearance to that of the dark principal 
cell though slightly' larger (4 to 5 microns). 

The pale oxj'phil cells are more numerous than the dark oxy'phil 
cells. They are ii’regularly potygonal and are veiy large (9 to 15 
microns). The cytoplasm stains reddish pink with hematoxydin and 
eosin and contains many' granular masses. The nucleus is 4 to 6 microns 
in diameter, is paler than that of the dark oxy'phil cell, has a homog- 
enous appearance, and is usually toward one side of the cell. 

In each cellular type, fat and glycogen have been found, but more 
predominantly' so in the principal cells. 

The cells frequently' appear in rows or columns which are folded on 
themselves. Acini are found in glands of all ages. The cells lining the 
alveoli tend to be low columnar or cuboidal and generally are the prin- 
cipal cells. The number of acini and the position within the gland 
are extremely variable. They usually' contain a clear colloid material 
which stains evenly' with eosin. The oxyphil cells tend to appear in 
groups near the poles and periphery' of the gland. 

The phy'siologie significance of each cell ty'pe is not known. Since 
the principal cells are almost the only variety found in infants and 
y'oung children during the period in wliieh bone formation is most 
active, Morgan” concluded that these cells mostly' were responsible for 
the secretory activity' concerned in the role of the parathy'i’oid glands in 
calcium metabolism. 


CO.NSIDERATIOX OP MALIGNANCIES 

Eeeognition is given to Sandsti-om'- for having first described the 
parathyroid glands in ISSO. From the first description until 1926 the 
relationships of these glands remained more or less a ray’steiy. In 1926 
ilandl” proved their importance to the skeletal sy'stem by producing 
alleviation of calcium metabolic abnormalities in a ease of osteitis fibrosa 
cystica by removal of a iiarathyroid tumor. This finding created new 
interest in the physiology and pathology of the parathyroids, resulting 
in a vast amount of literature on these structures. 

Between 1880 and 1926, many tumors of the parathyroid glands were 
reported. In the last decade the number has run into the thousands. 
An overwlielming majority of these tumors were benign. Malignancies 
have been reported rarely, only tu-enty-one being found in tiie medical 
literature. 

In 1909, Koeher”' ” reported eight cases in which tiie tumor was 
usually present for yeai-s. Three were females; five were males. The 
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ages ranged from 46 to 61 years. Tlie tiunoi’S ranged in size from small 
nodular "‘rests” to one 12 by 9 by 9 cm. Two tumors were in the mid- 
line, four were on the left side, and the position of the other two was 
not stated. No bony elianges wei‘e noted. Tliesc tumors were usually 
nodular, fixed, either hard or elastic. Histologically, they were char- 
acterized b.y large transparent cells with sharp red boundaries and the 
absence of granular eosin red protoplasm but containing varying 
amounts of gl 3 'cogen. Presence of this glycogen x>i^^onipted the name 
“ glj'cogeuous goiters of Koeher.” Sarcomatous-like tissue was also pres- 
ent and in some instances even giant cells were found. 

In 1909, De Quervain‘“ reported a case in which there was invasion of 
the jugular vein and the sternocleidomastoid muscle, and five months 
later pulmonarj- metastasis as well as local recurrence developed. The 
tumor showed the t.ypical arrangement of the parathx'roid gland. The 
patient was a male, aged 68 years, in whom no bony changes occurred. 
The tumor was located on the right side of the neck and was 6.5 cm. in 
diameter. 

In 191-1, Roffo and Landivar’' reported a case of a mediastinal tumor 
adherent to the surrounding structures and winch pvdsated with the 
pulsation of the aorta, simulating an aneurysm of the arch of the aorta. 
However, its volume did not increase with the pulsations. The removed 
tumor, 10 cm. in diameter, was lobulated and possessed a fibrous capsule 
which sent many trabeculae into the mass, some of which contained 
calcium deposits. The sectioned tumor was grayish white, contained 
manj" cavities of various size which contained eolloidlike material. Other 
portions showed hemorrhagic areas. Histologically, the tumor tissue 
was composed of follicles with columns of cylindrical cells containing 
nuclei in mitosis. Frequently, the proliferated epitlielium possessed 
large vesicular nuclei. In the metastasis which later occurred in the 
thjU’oid gland, lungs, and liver, the predominating cells were elongated 
and polyhedral cells with well-defined limits. The patient was a male, 
ao-ed 60 jmars, in whom there were no bonj’- changes. The tumor was on 
the left side at the lower pole of the thyroid. 

In 1923, Fasiani'® i-eported a ease of a tumor 10 cm. in diameter, 
elastic and movable, nodular, and containing man}" cavities and solid 
nodules Tumor tissue corresponded to that of the parathyroid gland. 
Jlitosis and invasion of the thyroid gland were marked. The patient 
female, aged 65 years, with no evidence of bony changes. The 
lumor was situated in the left side of her neck. 

1925 Ferrero and Saeerdate’" reported a case of a tumor develop- 
femur which was fractured by tlie e.xamining physician. This 
ing in the structure of the parathyroid gland. One month 

ttimor possesse femur, an apparently benign metastasis ap- 

after the frac uie small tumor, which had been 

peared in the rigi 
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present in the right side of the neck for fourteen years, was found. The 
patient was a female (age not stated) with no other bony changes than 
that described. 

In 1927, Alessandri-“ reported a case of combined thyroid and para- 
thyroid tumor of the right humerus with metastasis to the shoulder 
(previous history of two injuries to the shoulder). Although no tumor 
was found in the neck, the tissue simulated parathyroid gland structure. 
The cells were neatly defined, largely polyhedral, with light-staining 
protoplasm, situated in a stroma of thin connective tissue with numerous 
broad and varicosed capillaries. The central, well-eosin-stained nuclei 
contained plenty of chromatin. The patient was a male, aged 51 years, 
with no other bony changes. 

In 1929, the tumor observed in a 34-year-old female at the Mayo Clinic 
by Wellbrock^^ and also Wilder’-- measured 5 by 3.5 by 3 cm. and was 
situated at the lower pole of the right thj'roid gland. It rvas nodular, 
fluctuating, and semielastic in consistency and clothed in a fibrous 
capsule. On section, it consisted of four distinct encapsulated nodules 
composed of yellowish brown, fairly firm, and reddish blue spongj’ tissue, 
containing several cavities varying in size and filled with amber-colored 
fluid. Microscopically, the neoplastic portion of the nodules was com- 
posed of large, clear cells with poorly staining cytoplasm, polygonal in 
shape and containing variable sized nuclei with deeply staining, eoarselj’ 
granular chromatin material. There were also bandlike masses of more 
deepl}’ staining cells in which the cellular limits could not be seen very 
clearly. Many mitotic figures were present. 

This ease, in addition, showed local and diffuse decalcification of the 
bones with hyperparathyroidism. 

In 1929, also, Ouy-'* reported a case in a female, aged 29 years, in 
whom the tumor was situated liehind and below the left lobe of the thy- 
roid and measured 8 by 6 by 4 cm. The cut surface revealed a cortical 
yellowish portion and a grayish medullary gelatinous portion. Histo- 
logically, the tumor consisted of the clear type of cells arranged in 
columns. No oxyphilic cells wore seen. Biop.sy was done eleven months 
later on three recuri-ing nodules on the neck. In this latter tissue, there 
was a marked variation in the size, shape, and chromatin content of the 
cells, ilitotic figures were abundant. The palisade arrangement was 
lost, and the cells grew in great eonfu-sion. They were seen infiltrating 
the surrounding .soft ti.s.sucs and growing into the endothelium-lined 
space.s in which they were found in masses. 

In 1931, Toland-^ roimrted a case in a female, aged 60 years, in whom 
the tumor was found at the upper pole of the right lobe of the thyroid 
and densely adherent to the surrounding muscles. No histologic report 
accompanied the case de.scription, but IIall,=' two ycai-s later, studied 
the slides and found it to be adenocarcinoma of the parathyroid. Ir- 
rcg\ilar, atyi>ical cells of various sizes and shapes po.s.sc.ssing largo hyper- 



798 


SUBGEEY 


ciu-omatie nuclei were seen. The cells wea-e arranged in a haphazard 
fashion. Mitotic figures u'ere present but in some sections hard to dis- 
tinguish. 

In 1932, Price and MowaP"* reported a ease in a 49-year-old male in 
whom the tumor was found beluiid the angle of the left jaw. The mass 
was the size and shape of a lien’s egg, and because it appeared at the 
angle of the jaw, they believed it to iiave developed from a parathyroid 
rest. Because of the infiltrative invasion of the surrounding tissues, 
including the internal carotid artery, only portions of the neoplasm 
could he removed, and radium therapy was instituted. Histologic ex- 
amination of one part of the tissue I’evealed normal appearing para- 
thyroid cells in palisade fomation with scattered areas of alveolar 
formation. Sections from otlier parts of the mass showed a somewhat 
similar arrangement, but tlie cells were large and polyhedral in shape 
with large nucleoli and marked vacuolization of the cytoplasm. Many 
areas of necrosis were present. 

In 1933 Sainton and Millot"® reported a case (the age and the sex of 
the patient were not given) of malignant adenoma in a case of hyper- 
parathyroidism with osteitis fibrosa cystica. The txunor was situated in 
the left lower parathjwoid gland, was about the size of a “green 
walnut, “ was covered by a dense fibrous capsule, and invaded the sur- 
I’ounding tissue. Microscopically, the variable sized, dedifferentiated 
tumor cells were round or polygonal. The ejdoplasm was abundant, 
with finely granular character, and stained eosinopliilie. Borders of the 
cells wei'e indistinct. The pjdmotie nuclei were centrally placed, were 
vei"y basophilic, with chromatin divided in iinnps. Mitosis and cellular 
necrosis were present. 

In 1934 the ease of Hall and Chaffin-’^ was reported. The patient was 
a male, 46 years of age, who exhibited no bony changes. The tumor, 

11 by 8 by 5 cm., was located i» close proximity to the left lobe of the 
thyroid, and invaded the band muscles of tJie neck. Sections from 
various parts of the tumor showed anastomosing cords and columns of 
atypical epithelial cells which had invaded the surrounding muscle tissue 
in places. In other parts the tumor was limited by a fibrous capsule. 
Scattered fibrous tissue bands crossed the tumor. In a number of places 
large cell masses appeared in which the alveolar arrangement was not 

rv evident. The nuclei of the epithelial cells were round or oval, 
vesicular, and moderately deep staining. Thej^ contained one large and 
one or two small nucleoli. The nuclei were variable in size; some 

!f em' appeared quite large. Occasional mitosis was seen. The cells 
ot tiie shape with abundant, finely granular, moderately 

were , jggjn. Some groups of cells had clear cytoplasm. Other 

eosraoptodc y ^ tendency to be elongated or fusiform, had 

groups 01 ce , , deeply staining cytoplasm. These cells 

hyperchromatic i ^ ^ arrangement and appeared to he distinctly 

had a loose, nonde masses of tumor cells were seen in the small 

atypical. In several plam, 
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and medium-sized veins of the stroma. Other cell groups about the 
border of the tumor appeared to he in the lymphatic vessels. 

In 1936 Snell^® repoi'ted a case seen at the ilayo Clinic in a male 
47 years of age. The tumor was found at the lower pole of the I’ight lobe 
of the thju'oid gland, behind the trachea, and slightly under the sternum. 
It measured 6 by 6 by 5 cm., was smooth and covei’ed with a ple.vus of 
veins. No histologic description ^Yas given. The diagnosis rendered by 
the pathologist vas carcinoma of the parath 3 'roid gland, Grade I. 

This case also exhibited hyperparathjToidism with miliary osteo- 
porosis. 

In 1938 Armstrong-'' reported a ease in a Il-j'ear-old female, the tumor 
being situated on the right side of the neck. It measured 11 bj' 11 by 
4 cm., was stony hard, reddish brown, and covered wdtii a dense fibrous 
eapside. It was adherent to the internal jugular vein and the 
sternocleidomastoid muscle. 

The cells were arranged in looselj- packed masses and long columns. 
They were round and oval, large in size, with abundant acidophilic 
cytoplasm containing clear vacuoles. The nuclei were well stained. 
Mitosis w’as not reported. The diagnosis was carcinoma. 

REPORT OF CYSE 

J. A. S,, \>hite male, aged 3S joars, a iiiachimst, was admitted to the IT. S. 
Marine Hospital, on Oct. 17, 1936, with the chief complaint of "broken legs, arm 
and shoulder.” Wliile attempting to climb up a flight of stairs, Ins legs became 
weaker than usual; he could no longer stand up and fell. He did not fall \ery 
far, only about the height of four ordinary steps. Howeier, he was unable to get 
up unassisted. 

For one and one half jears previous to admission the patient had been annojed 
by what was thought by his family to be arthiitis, jet the joints of the bodj 
were not necessanlj affected At times during this period his ankles and knees 
had become terriblj' painful and e\tiemclj' swollen. In addition, pain was ex- 
perienced in the shouldcis, particularlj- the right. Occasionallj- he experienced 
"muscular pains” most marked in the legs, which he described as "sharp, shoot- 
ing” pains. Poljuna had been present for jears. 

Since onset of the pains, he had become slowU, progressuelj we.iker, was unable 
to do the work he had previouslj done, and had lost eighteen pounds of weight, 
lie had not noticeil anj decrease in height On the daj before admission, he ev- 
penenced a sore tliroat. For tlie first time lie noticed a small lump in his nock 
lust above the sternal end of the left clavicle. 

Plivsical examination revealed a poorlv developed, poorlj nourished OSjearold, 
p.ile, white male, who appeared iiiiich jounger thin hi-, age. In the neck just above 
tlie sternal end of the left clavicle was a mass which was Iiird, firm, nodular, and 
uiiattaclied to the skin. Its size approximateil that of an English walnut and was 
in the region of the left lobe of the thvToid gland. The teeth were verv carious. 
The heart exhibited a soft, blowing diastolic inuriiuir, best he ird at the apex. The 
point of miiam.il iiiipuKe vv.is m the sixth left interspace 2 cm. bejond the imd 
ilui, nl.ir line Tlie pulmonic second sound was greater than the aortic second 
sound. Blood pressure was 170/100. The blood vl-scH were normal. Hucous 
membranes were pile and possc-scd a. jellowisb color. 

Urinilvsis sliowed a spccilic gr.ivitv of 1000 i„d a trace of allmmin. Kalin 
Lst was uegitivc R. d lell i cunt, LJOivmo, white lel! lOiiiit, IS.OOO; hemoglobin 
i«r cent. Difterentiil smear revc.altd ncutrophiles, SO per cent; small mono- 
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nucleais, 19 per cent; and tuinsitionals, 1 per cent. Blood sugar was 80 mg. per 
100 c.c. of blood. Blood calcium was 14.7 and blood phosphorus 3.4 mg. per 100 
c.c. of blood. Bhenolaulphonphtlialein test totaled 20 per cent after two hours, 
ilobonthal concentration test showed greatest specific grarity to be 1.007. Test 
for Bence-Jones bodies was negative. Electrocardiogram revealed only sinus tachy- 
cardia. Roentgenologic findings were as follows: “The right humerus shows a 
fracture at the surgical neck with the fragments in good position. The left femur 
show's a fr.actuic through the middle third with slight posterior displacement of 
the lower fragment. The right femur shows a fracture of the upper third with the 
fragments in good position. The bones in this case show an outstanding condition. 
There is absorption of the calcium from the center of the bones to the cortev. The 
bones, in areas, sirow only a shell-like structure remaining, being only slightly more 
dense than the soft ti-ssiies. “ (Pigs. 1 and 2.) 

The other bones were x-rayed and “the left humerus, scapulae, clavicles, and, 
to a lesser extent, the ribs show similar ehairges to those preriously reported in the 
fenitris, pelvis, and right humerus. None of these changes are seen in the skull or 
the loft forearm.’' 



Fig. 1. Fig. 2. 

pjg X-ray of left teniur on admission showing marked decalcification and a 

fracture through the middle thud. 

o Right humerus with maiked dcminerahsiation and fractuie of the surgical 

neck Allow indicates ring of calcium deposit within tumor. 


The fractured members were immobilized by plaster casts. Repeated blood eliem- 
showed a persistent high calcium and low' phosphorus. Therefore, on Nov. 
lVl936 aft exploratory opeiation of the neck was performed uuder local (1 per 
^ noTOcain) anesthesia. A hard, nodular tumor (Fig. 3) was found in tlie 
f tire left lohe of tire thyroid gland, densely adherent to this gland, but 
region o measured o by 3 by 2 cm., was reddish brown 

not actually a p ^ calcium at one end. Tins calcified ring was 

in color, and po j^.ray fibii taken primarily to show the condition of tiro riglit 

previously seen in - ^ X rays of the remorod mass showed the calcification 

humerus and ribs (Pig_ -b ' 

^yithin the mass (Pig- b National Institute of Ile.-iltli, Washington, U. C., 

The specimen was sen Peport is as follows: “Loft p.iratliyroid has a 

for histopathologic trabeculae [Fig. 5], nhich show p.ilches of 

thick, densely fibrous caps.. 
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lymphocyte and plasma cell infiltration, an occasional small area of calcification and 
few foreign body granulomata, in which large angular spaces occur, presumably 
cholesterol clefts. The parenchyma [Fig. 6] is formed of large and small sheets, 
nests, and columns of cells enclosed by or embedded in the dense fibrous tissue. 
Tumor ceils are polygonal and medium to large in size. They have much reticulo- 
granular oxyphilic to amphophilic cytoplasm with distinct cell borders. Ifuclei are 
medium to large in size, vesicular, usually centrally located, commonly' have one or 
more large nucleoli, and aie moderately and occasionally marked hyperchromatic 
[Fig. 7]. Few cells are binucleate and raiely a multinuelear cell is seen. Few 
mitoses are present. One medium sized venous channel sliows invasion of its wall 
by an adjacent tumor nodule [Fig. S]. In many areas small, poorly' circumscribed 
cell nests occur, and few of these show infiltration of tlie surrounding fibrous tissue. 
The laiger cell sheets occasionally show focal coagulation or karyorrheetic necrosis. 


— - j-. rt' 




Fiu I —X-rays of tumor m.ij.y removed at opcr.itlon. .shonlngr within the urowth the 
ralrhim dcpo.-.ii notid In Kiff. 2. ui uii. 

“Little •'truited mu-ele ami le.-s thyroid tissue is adherent to eapsule. 

“Diagnosis: .Vdemima of parathyroid (malignant?).’’ 

Immediately after the left panitliyroi.l gland was romored, the Wood calcium 
f.dl rapiiily with an irregular leud of blood pho-phorus (Fig. p), Lar^e doses of 
ealemm salts ,gr. L’e.', daily), ^iosten,^. ;.ml a Ingh calcium diet were giu-a^ M- 
though li.o blood euleiim, fell below the e,.f;,W,s[,„l eritiral level, the patient showed 
no signs Ot leiniiy. the blmnl ealeium reached the normal level, the enh-ium ther- 
apy w.is le,'s intensive. 
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SUKGEBY 


Tlio patient’s condition generally and as to the calcium content of the bones 
improved slowly until January, 1937. At tliis time lie again began to e.xperience 
some of Ills original complaints, such as weakness and pains in the muscles, and 
hoarseness increased. Tlie blood calcium rose above the normal, and the blood 
phosphorus was lowered. No cause could be found for tliis until the middle of 
July, 1937, when an enlargement of a cervical gland on the left side of the neck 
was noticed. 

Tills gland was removed at once and sent to the A'ational Institute of Health 
for study. The report is as follows: “The 8 by 11 mm. tumor mass is enclosed 
in a dense layer of scar tissue, which is thicker wheie it gives rise to trabeculae 
which completely or incompletely lobulatc the tumor. This fibrous tissue shows 
patches of lymphocytes and little scattered, free and phagocytosed hemosiderin. 



n Blood calcium and phosphorus levels d,urinEr course of two and one-half 

Fig. years’ observation. 


Parenchyma is formed of large and small sheets and strands of coherent tumor cells 
liich are polygonal, medium to large in size, and have distinct cytoplasmic margins, 
n 11 nuclei are medium to large in size, round, vesicular, and moderately liyper- 
f and show one or inoie distinct, usually large nucleoli. Pew mitoses are 
chroma ic,^^ cytoplasm is ample, granular, and o.xyphilic, less often amphophilic, 
seen. e • umediately surrounding blood vessels are usually larger than else- 
Tumor ce s n columnar and show irregular radial arrangement. Few cell 
where, are roug^ gp.jgulntion necrosis, A small collapsed cyst present in peripheral 
sheets show pud-like ma.sses of vascular granulation tissue. In some 

fibrous layer is ha ^ ii,a.s.ses of tumor cells, some apparently lying free 

of the vascular adherent to wall [Pig. 10]. In some of these ves.sels 

' whUe others are ‘ a tumor mass occurs in a larger vessel, 

there is little blood. Occa- . 
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Pig 10— Section from metastasis to left cervical Ijmph node shonmg intravascular 

tumor mass (x515) 



Fig n— Right humeius with fracture of surgical neck healed necalciflcimn 

tUioughout bone Is less marked (Sept 10. 1937). ueaieti J^ecaiciheation 

(SeiR‘''li'm7')"’‘ of bones increased 
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SURGERY 


A small lympli node loosely attached to tumor shows moderate sinus endo- 
thelial proliferation. A second detached node shows in addition a vascular space 
filled with tumor cells. 

‘Diagnosis: Malignant adenoma of parathyroid gland, metastatic.” 

After removal of the metastatic gland, the blood chemistry returned to normal 
levels (J'lg. 9). The fractures healed rapidly, and some of the cystic areas of the 
bones became more densely fdled with calcium (Kgs. 11 and 12). The patient was 
discharged JTov. 1, 1937. At tin's time he was able to walk witli crutches. 

On Jan. 3, 193S, the patient was readmitted for check. His weight was 135 
pounds. Clinically, union appeared firm at site of fractures; some deformity was 
present at the site of fractures; both knee joints were slightly swollen; urine 
showed 1 plus albumin; Kline exclusion test was negative. P. S. P. test showed 
20 per cent function in fifteen minutes, 30 per cent in one hour. Blood calcium 
was 12.5 mg. per 100 c.c. of blood. Blood phosphorus was 2.7 mg. per 100 c.c. of 
blood. X-ray Heport: ‘‘The cystic changes in the femurs are still quite noticeable 
but there is evidence of considerable recalcification present. The old fractures are 
firmly united and appear quite strong. There are no cystic changes in the fibula 
or tibia of either leg. The cystic changes in the humerus of each arm are quite 
outstanding. Almost the entire shaft of the humerus is involved. The middle tliird 
of the right humerus shows the greatest changes observed in that bone. The 
changes in the right humerus are less prominent now than previously. The left 
humerus does not show any improvement.” 

The patient was discharged on Jan. 15, 1938, to return in six months. Patient 
was readmitted July 27, 193S. His chief complaint was pain in his arm and in- 
ability to use his left arm. Otherwise, his general condition had been good since 
the last admission. He could use his right arm freely. His weight was 132% 
pounds. Blood pressure was 170/110. Physical examination was practically the 
same. Bight knee at this time had considerable grating on movement; the motion 
of the left shoulder joint was limited in all directions and appeared to be tender 
over the middle portion of the humerus where there appeared to be fusiform swell- 
ing. Hriue showed 3 plus albumin; Kline and Eagle tests negative; blood calcium, 
11.7 mg. per 100 c.c. of blood. X-ray Bepoi-t, July SO, 1938: “The left humerus, 
scapula and outer end of the left clavicle show the same general condition as was 


previously observed in Kovember, 1937, except that the radiolucent areas are more 
clearly defined now and somewhat larger than they were at that time. There has 
been no suggestion of recalcificatiou and there are new areas developed in the lower 
end of the humerus just above the epicondyle. The main shaft of the humerus is 
now little more than a shell of the normal bone. There is no break however in 
the external surface of the bone at any place. These changes were thought to be 


originally a result of a pathologj- of the parathyroid. In view of the malignant 
■ condition found in the adenoma removed from the region of the parathyroid and 
' also since there had been no recalcification of the cystic-like areas found through- 
out the "eueral skeleton, these changes are quite interesting and unusual. Biopsy 
should prove most interesting.” 

X ray Beport on Auy. 3, 1938: ‘‘The cystic areas in the femurs are not as 
oniinent as when previously- observed over a year ago [Pig. 13j. The tibias 
sentially normal. Each humerus shows gross cystic areas some of which 
appear leave merely- a shell of the bone shaft [Fig. 14]. Tho left is 

are so „ j^yplved and there are two new cystic areas in tho lower section of tho 

the grea has developed in the past year. These are quite circum!>cribed 

left humerus changes in this case are most unusual, especially in view of 

in outline. tumor removed from tho region of the pitrathyroid 

the malignant nature oi 


is time, the patient 
gice was improved. 


was able to walk without the aid of crutchc.s, hoarscnc.-s 
and his chief complaint was pain in the left .shoulder 
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and arm. (No report of the phosphorus content of the blood at tills time.) He 
nas discharged on Aug. S, 193S, to return in six months for check. 

Patient was readmitted Peb. G, 1939, for check. On this admission, he did not 
offer any complaint. His general appearance was good. His weight was 132 
pounds and blood pressure was 1S3/10S. On examination and special examination 
of the neck, there was no evidence of any local recurrence. His blood calcium was 
10.5 mg. per 100 c-c, of blood and phosphorus was 3.7 mg. per 100 e.c. of blood. 
X-ray Xeport: "The femur shows all the old fractures firmly united and greater 
density than at previous examinations. The gross cystic changes previously ob- 
served in the humerus of each arm appear essentially the same. There are large 
cystic areas in the shaft of both hones. In some areas, there is little more than 
shell of the bone remaining. The fracture of the humerus is firmly united.’’ 



Fig 13. Vis. li. 

Fig. 13. — Femurs well healed, twenty-two months after aOnnssion. 

Fig. 14 — Right and left humerus twenty-two months after admission showing very 
little improvement in the right Tivo new cystic areas are seen at the lower end of the 
left humerus. 


COMMENT 

Including the case presented herein, there have been reported 22 cases 
of malignant tumors of the parathyroid glands. Nine of these have 
been in females and 12 in males. The sex of 1 patient was not noted. 
The youngest and oldest patients ivere 29 and 71 years of age, respec- 
tively. Three eases were patients between 29 and 45 years of age, and 
17 were in patients from 45 to 71 years of age. Two reports omitted 
the age of the patients. The tumor was situated on the left side of the 
neek in 10 eases, on the right in 6, in the midline in 2, and in 4 the sites 
were not listed. The sizes of the tumors ranged from small nodular rests 
to 12 by 9 by 9 cm. In 4 cases bony dcealcifieation was present. The 
favorite sites of metastasis were the muscles of the shoulder and neck 
cervical lymph nodes, traeliea, and lungs. Recurrence at the ovmnal 
site occurred m 2 instances. ° 


SOS 


SmOEBY- 


Grossly, most of the tumors were densely covered by a thick fibrous 
eounectivD tissue capsule Avhieh occasionally was densely adlierent to 
contiguous muscle. Most of the tumors were nodular and lohulated. 
Theii' eonsistenej^ varied greatly. Some were stony hard, some were 
fii'm but elastic and possessed fluctuant areai?. Calcified areas were 
present in a few specimens. The color ranged from a bluish gray to 
reddish brown. 


On cut sections, the tumore apiieared yellowish gray, yelloadsh brown, 
or some intermediate color. Prom the capsule, trabeculae of fibrous 
connective tissue were found to coarse through the tumorous mass com- 
pletely or iueomjfietely to lobulate the neoplasm. In many specimens 
cystic areas with thin walls of fibrous connective tissue wore noted. 
These cysts were filled with an amber-eolored serous fluid or amber 
coiioidlike material. Occasionally they contained blood. In 1 ease the 
cyst was encircled comp]etel.r by a ring of calcium deposit (Pig. 4), 
whieh was visible in an s-vay film taken before the tumor was renmved 
from the patient (Fig. 2). In .some nodules of the tumors, necrotic 
centers were found. 


Microscopically, all the'tiuhors I’oportcd exhibited definitely the struc- 
ture of t])e parathyroid glands. The stroma was usually made up of thin 
connective tissue fibers. At times the supportive network consisted of 
thick fibrous bands with lymphocytic or lymphoidlike cell infiltratioji. 
Occasionally the stroma was formed almost completely hy capillary 
vessels. 

The pai'eneliyma consisted of compact, anastomo.sing strands of 
cells in between which were found vesiclelike spaces, thereby giving 
the effect of palisades. Such order was not necessarily always pres- 
ent, as Guy-'* found the cells growing in “lawless profusion.” Vary- 
ing sizes of cell sheets or nests were seen which were or \\’crc fiot enclosed 


by fibrous tissue. 

Although tlic individual cells were pi-edoininantly of the large, clear 
variety (principal cell.s), several cases siiowed a predominance of 
oxyphilic cells. Othez's possessed approximately ecpial numbers of each 
type. The bovndai'ies of the cells wei'C distinct, encircling an ahuudiince 
of cytoplasm, ndiich iu the clear type was poorly stained. In the 
oxyphilic cells the cytopla.sm was finely granular atn? moderately or 
markedly eosinophilic. Although the mast predominant cell shape was 
olyo-onal, many n-ei'e sphez-oidal or euboidal. The nuclei wove round 
^ • mid usually centrally 2 >]aced, either vesicular or liouiogeiicous, ajid 
-1 fsirlv abundajJt amount of ehromatin material. Their .size 
!!Sd C 0 jzs 5 derabi.v, but usually (hey were very large. WelUnwh^' 

1 the largest lUidei to be nppro.xhmitely .seven timc.s the .size of a 
found o ffsually the}' contained one or two fairly deeply .stain- 

normal nuc e jjtjinber of mitotic figures was not constant. In some 
ing nnckoU. ^ occa.sionally, while in others they u-ere present 

cases they u'cre setu . 

abundantly- 
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111 all cases iii which metastases occurred, the metastatic growth 
showed the same histopathologic picture as the primary tumor, with a 
tendency to possess characteristics of a greater degree of malignancy. 
Additionally, as seen in our case, the metastasis is apparently quite 
capable of exerting the same influence on the metabolism of calcium as 
that held by the normal gland, but this influence is without restraint. 

There are no definitely dependable characteristics by which a tumor 
of the parathyroids might be diagnosed clinically as benign or malignant. 
For the most part, malignant tumors are usually larger. Hall and 
ChaffuF' in 193-1 noted that over 50 per cent of the benign tumors re- 
corded in literature had shown decaleification of the bones to some 
degree, while only demineralization had been seen in only 1 case”^ of 
the 18 malignant tumors which they had reviewed. They concluded, 
therefore, that bonj' changes were not so likely to be present in patients 
with parathju’oid malignancies, and if they were, the chances of the 
tumor’s being benign were considerably increased. With this report, 4 
cases of malignancy of the parathyroid glands have been noted in which 
demineralization of the skeleton occurred.-*’ -®’ In only 1 case^® were 
the bony alterations described as a diffuse miliary osteoporosis. The 
other 3 possessed large cystic areas, particularly present in the long 
bones and pelvis. One should bear in mind that procrastination should 
not be courted in removing a parathyroid tumor because bony changes 
are present. It might still be a malignant affair ! 

.SUMMARY 

1. A brief description of normal parathyroid glands is presented. 

2. Twenty-one eases of malignant parathyroid tumors found in the 
literature are reviewed briefly. 

3. An additional case of parathyroid malignancy is reported. The 
tumor was situated in the left side of the neck and metastasized to a 
left cei-vical lymph node. The cells comprising the neoplasm were of a 
variable large size, mostly polygonal, and contained oxyphilic cytoplasm. 
The vesicular nuclei were fairly large, moderately to markedly hyper- 
chromatic, and contained one or two hyperehromatic nucleoli. Pew 
mitoses were seen. The cells were arranged in sheets, nests, and columns 
enclosed by fibrous tissue. 

4. Decaleification of the bones was present and so marked that multiple 
fractures were sustained bv the patient from an otherwise insignificant 
fall, 

5. Three years after removal of the original tumor, the patient is alive 
and well. The fractures are well healed and moderate reealeification of 
the bones has occurred.* 


‘Since this paper originally was written, the patient was seen again in Septemher 
JiHl. At that time his general condition was excellent and he felt much better than 
at any time since his original hospital admission in October. 1930. His biood calcium 
was lO.S mg., and blooci phospliorua. 2.S mg. per 100 c.c. of blood. X-ravs of both 
humeri show tliat all of tlio cystic areas have nearly filled in with calcium 
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FASCIAL EECONSTEUCTION OF THE TIBIAE 
COLLATERAL LIGAMENT 


Henry Milch, M.D., New York, N. Y. 

(From the Hospital for Joint Diseases) 

’^HE function of the knee joint is, to a large degree, determined 
by the anatomical integrity of its ligamentous apparatus. Because 
of this, considerable effort has been expended in an attempt to establish 
the exact significance of each of its component parts in the mechanism 
of the knee as a physiologic unit. Despite the extensive literature on 
this subject, opinion is far from being unanimous. This may be 
attributed to the fact that some of the conclusions have been gained 
from clinical observation, others from anatomical or experimental 
studies. Though this information cannot and should not be neglected, 
it must not be forgotten that such data may not be directly applicable 
to the problems presented by clinical surgeiy. 

The pi'imary interest of the orthopedic surgeon is not the didactic 
determination of the function of each of the ligaments, but rather the 
evaluation of their i-elative significance to the knee as a whole. In- 
formation on this question can best he obtained by a study of the 
results of surgical efforts at repair of damage to definitely determined 
ligamentous structures. From the fact that anatomically the crucial 
ligaments appeared to be most important, the earlier surgical efforts 
were expended on the repair of these structures. These early trials 
were only partly succe.ssful, and a marked step forward was made 
wlien the fascial reconstruction, originally devised by Grekow* and 
later elaborated by Hey Groves,® was introduced. But even this did 
not seem to give complete satisfaction until a procedure for the repair of 
the tibial collateral ligament was added.®’ ® Since then a number of 
different methods of fascial repair of this ligament have been devised 
by Campbell, Carrel, Cubbins, and others.® An ever-growing experi- 
ence seems to indicate that the repair of the tibial collateral ligament 
is the essential step in the operative correction of the instability which 
results from loss of the normal ligaments of the knee joint. 

In an earlier communication® I expressed the opinion, concurred in 
by others, that injury to one or both of the crucial ligaments was not 
incompatible with good knee fimction, but that permanent damage 
to the tibial collateral was definitely disabling. The lapse of time has 
not altered this opinion. On the contrary, it has even led to the firm 
conviction that in the majority of cases injuries to the crucial li-raments 
cannot be diagnosed with any clinical assurance unless they are 
associa ted with injury to the tibial collateral ligament. The so-called 

Received for publication, Feb. 1 , 1941. 
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drawer or ‘‘rocker” sign of De Boclier, wizicii iias been considered 
pathognomonic of crucial ligament injuries, has been elicited usually 
in those cases in wliich there lias been concomitant injury to the collateral 
ligament and cannot eommonl3'‘ be elicited if this ligament he intact. 


Where this sign has not been present, crucial ligament injuries 
frequeirtlj’- have led to transitory locking of the knee and have simulated 
the clinical picture of torn or displaced menisci. Under this mistaken 
diagnosis, arthrotomy of the knee has repeatedly been performed. In 
the fii'st few cases in which only a tearing of the anterior crucial 
ligament was found, the extensive Hey Grove reconstruction operation 
did not seem warranted by the relativelj'^ minor clinical disability. 
Since the torn ligament appeared to he acting prineipallj’" as a mechan- 
ical block, it was excised. The excellent recovery of these patients justi- 
fied the procedure, aird in consequence, the torn anterior, and occa- 
sionally even both torrr crucial, ligaments, have beerr excised without 
any serious results iir those cases irr which no erdderree of injury to the 
medial ligament could be elicited. Where both the crucial and col- 
lateral ligaments have been injured, repair of the tibial ligament alone 
lias been snlfieient to restore an excellent functional capacity to tJie 
unstable knee. 


If cases in which successful reconstruction of the tibial collateral 
ligament alone be eomirared with similar cases in whicli both tJie 
crucial and tibial collater'al ligaments were satisfactoril.v repaired, it 
will be found that tlie results, both anatomically and fmictionaJly con- 
sidered, are quite similar. Complete restitution to tJze normal is an 
almost unattainable ideal. For the patient, and consequently for the 
sirrgeon, it is the functional rehabilitation and not the anatomical 
restoration that is of primary moment. In this I’cspect the more com- 
plicated crucial ligament reconstruction does not seem to have justified 
itself, while the importance of the tibial collateral ligament repair 
caiuiot be denied. The reestablishment of the integrit.y of tliis ligament 
is fundamental if a .successful outcome of the surgical procedure i.s to 
be expected. 


In geireral, this opinion coincides with that of Maude," who de.scribod 
an operative pi'oeedure on the tibial collateral ligament which .served 
“to remedy the instability of the knee, due to injuries of the inteiaial, 
lateral and crucial ligaments.’' This pi-oeedure is based on the helief 
‘‘that ’the instability was due to laxity of the medial ligament, rather 
than to Aveakness of the structure, and if weakne.s.s existed, it wa.s in 
vi of the ligament adjacent to the tibial head — that portion 

iSh was healed by fibrous tissue.” 

ffl it is "cnerally believed that the tibial attachment is the most 
Thougii p i.^nture, the evidence on thi.s matter is by no Jiieans 

frequent sue 0 yfanek cxpre.s.',ed the opinion "that the 

ovei’whehuing A ,..(,;(<li abdnel.s ajui e.vfernaliA" rotates the tihia on 
application of force ufueb 



JIILCII: RECOXSTKUCTXOX OP TIBUL COLLATERAL LIGAMENT 813 


the femur, with the knee slightly flexed (the position in which most 
injuries to the medial collateral ligament take place) practically always 
tears the ligaments away from the head of the tibia and the anterior 
fibers of the ligament suffer the greatest damage.” Jones and Lovett^ 
state that “clinically, it is tlie lower attachment of this ligament which 
usually gives way” and that in a sprained knee “the shox-t, deep 
fibers of the ligament are injui'ed most often at their attachment to the 
tibia.” Howevei', in the same discu-ssion, they note that “in connection 
with injuries to tlie intex-nal, latei-al ligament, it is not imcommon to 
meet with a sprain fracture, which occurs most often where the liga- 
ment is torn from the femur, caiTying with it a small flake of bone. 
A similar fraetin-e also occurs wlien the deep fibers are torn from the 
upper margin of the tibia.” They observe further that “when the leg 
was foi'cibly abducted on the cadaver, Tenney found that the internal 
lateral ligament toi-e awaj' from its femoral attachment.” 

Though no accurate estimate of the relative frequency of tearing of 
the collateral ligament at one or another part can be made, it seems to be 
incontrovertible that the ligament may and does tear at any point 
in its continuitjL In this regard, the arthrographic observations of 
tiindblom® are extremely important. He obseiwed a group of eighteen 
cases with recent lesions. “ Pararticular leakage through a capsular 
rupture was seen above the meniscus in three cases and below it in two 
cases. In all eases of leakage about the meniscus, a rupture was foimd 
at the superior attachment of the ligament.” 

This eonti’adiction in the observed I’esults is one which can only be 
resolved by actual observation of the fact in living patients. Clinical 
experience would seem to indicate that though the medial ligament 
may tear awns’- from its tibial attachment, this is not the invariable or 
necessaxy site of I’xipture. In those cases of latei-al instability in which 
the I’oentgenogram discloses a fracture in the region of the femox’al 
epieondyle, rupture at the femoral attachment of the medial eollatex-al 


ligament is generally conceded. An increasing fund of information 
concerning sport accidents has established the fact that the sprained 
knee of the skier is so constantly associated with a tender ax-ea over the 
femox’al attachment of the ligament that this point has been speeificallv 
designated the “ski point.” Among football plaj’ers, too, this area of 


tendex-ness is characteristic and is considered as indicating a partial tear 
of the medial ligament. Unfortunately, actual obseiwations as to the 
site of rupture of the collateral ligament are not as numerous as could 
be desired. In tlie fresh eases, surgical intervention is not justified 
because of the excellent results obtained by adequate, conservative 
therapy. In the older cases, it is only with difficulty that the site ox- 
even the probability of the ru])ture can be accurately determined because 
of scar tissue replacement. It is particularly in regard to this noint 
that the following eases are of interest. * 
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CAse 1— A. a, colored female, aged 38 years, was admitted to the Hospital for 
doziit Diseases on Oct. 18, 1938, She stated tliat while roller slcatlag three years 
before she had fallen on her flexed .and internally twisted right kg. The knee 
became swollen and painful. E.xtension vns sot blocked, but flexion beyond 90° 
was limited by p.ain. The patient was advised to make hot applications to the 
knee and in the course of sover.al weeks the swelling disappeajod. She leniained 
well until about three weeks before her admission, when she slipped and again 
injured her knee in the same manner as previously. One week later she fell upon her 
hyperflexed knee and came to the hospital, complaining of stiffness and pain. Size 
noted that after her fall tho knee felt unstable, and it was neccssaiy to steady the 
knee with her liand while extozzding the hg. During tho act of extension she noted 
a. snapping sensation .along the inner aspect of the knee. 

9 -^ 




^ j irocntscz'oo'''^"' sJionIng noiiulc on Innor osnvet ot iineu. 

?-..rio>cd -A nmrkcd sw.dling of fin* knee. There wU’Z a point of 
Examination ^ n nmrgin of the media) eollaterat ligament, hliglilly 

tenderness along t n * ’pfiis pain was markedly csiwethated by attempti 

above the krd 0^ thigh, Imt no aimorma! lateral mobdity l•onl(l be 

at abduction of negafirc. ffexinu < mild U- jewformed to 

elicited. The .'^",„plaine<[ of inerea-ed pain. Kstendon n:H .ae.wmted 

.Vt this point the pa a 
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with a clicking noise but was possible to 1S0° without locking, Eoentgenogram 
(Fig. 1) was reported as showing a ‘'cortical avulsion fracture of the internal 
femoral condyle, with separation of a small shell-like fragment of bone." 

At operation, performed on Oct. 20, 193S, through an oblique ineiaion, a typical 
bucket-hanclle fracture of the meniscus was found and the meniscus was removed. 
The bony body was then isolated. It was found to be about the size and shape of 
a grain of puffed rice, attached anteriorly to the articular aspect of the internal 
collateral ligament. There was apparently an articular facet. This mass was excised 
with uneventful recovery of the patient. 

The pathologist reported that this nodule was a "flat, osseous fragment, with a 
narrow cartilaginous cap, which is found to he modified cartilage.” 

The fact that this small fragment of bone was attached to the 
anterior edge of the collateral ligament, with its modified cartilage fac- 
ing into the joint, seems to indicate that the cartilage Avas not torn 
aAvay from a previously existing articular surface but represented a 
metamorphosis of sear tissue under the stress of constant motion. The 
nature of the injury, the symptoms immediately noted, the concomitant 
cartilage injury, and the location of the bony nodule, all tend to 
confirm the belief that this mass represented the healing stage of a 
partial tear of the anterior portion of the ligament just above the joint 
line. 

This Avas exactly the site of the ruptiu’e found in a patient upon 
whom the opportunity of operating AAnthin a Aveek of his injuiy Avas 
offered. 


Case 2. — R. G., male, aged 2o years, was first seen on May 1, 1935, five days 
after be had injured In's left knee by jumping over a hedge. He stated that in 
lauding his left knee bent backward and sideway. Though he was "able to get up 
and Avalk about, bis knee felt very weak and shaky." On walking, lie noted that 
his knee locked and since that time it has repeatedly locked, with the knee in flexion. 
E.varaination disclosed that the knee could he extended to about 00“ and Hexed to 
90°, Tliere was marked effusion into the knee joint. There was definite tender- 
nes.s over the femoral attachment of the tibial collateral ligament and over the 
fibular attachment of the fibular collateral ligament. In extension there was a 
marked increase in lateral mobility of the knee. Even Avhen standing the patient 
was able to dislocate the femur backward on the tibia. In the seated position, 
with the knee flexed, tlierc was a marked increase in anteroposterior mobility of 
the lower end of the femur. It was apparent that this patient had suffered a 
serious derangement of the ligamentous apparatus of the knee, involiiag both the 
crucial and collateral ljgaraent.s. Because of the symptom of locking, which was 
presumed to be due to concomitant injury of the semilunar cartilage, immediate 
operation was advised and performed on the following day. 


At operation, a 3-inch medial parapatellar incision was made, and a large amount 
of bloody fluid was evacuated. Tlie anterior horn of the internal semilunar cartilage 
Avas found detached and was removed. The medial semilunar fat pad, wliich ivas 
bruised and hemorrhagic, was removed. The anterior crucial ligament was found 
torn slightly above its tibia! attachment. Since it could not be sutured the free 
end wa.s excised. Examination of the external semilunar cartilage revealed an 
injury to this structure. A small, lateral parapatellar incision was made and a 
typical buefcet-imndie fracture of the external semilunar cartilage was found The 
medial detached portion only was excised. Both synovial incisions were then dosed 
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and the knee was tested for lateral instability. Because of the marked hyper- 
abduotabihty of the knee, tlie tibial collateral ligament was exposed and carefully 
examined. A definite transverse tear below the femoral attachment of the tibial 
collateral ligament was found and was sutured with interrupted heavy chromic cat- 
gut stitches. As soon as this ligament was repaired, the abnormal lateral and 
anteroposterior mobility completely disappeared. The wound was closed in layers, 
and a plaster of Paris bandage was applied from the thigli to the toes, with the 
knee in complete extension and the foot in midposition. This plaster was left on 
for a period of six weeks, and after this physiotherapy was begun. Thereafter tlie 
patient left the city, but information from his family physician indicated that a 
satisfactory restoration of function had been obtained. 


AVhile it is true that the tibial collateral ligament muy be purposely 
cut or accidentally injured and yet heal quite soundlj’’, it must be 
admitted that such healing can oiilj’' occur by scar tissue formation. 
It must also be admitted tliat Avhere instability does occur, a. relative 
lengthening of the ligament at the site of the sear tissue formation must 
be predicated. It is obvious then that a tear of the tibial collateral liga- 
ment at its femoral attachment must be repaired at this site, and a 
giving way of scar tissue situated in its midportion can be avoided only 
by a reparative procedure designed to reinfoi'ce this weakened area. 
If these observations be conceded, it becomes apparent that any opera- 
tion designed to meet all of the contingencies must be one which restores 
the stabilizing function of the ligament as a whole. This conclusion 
applies with even greater force to those eases in which tlie integrity of 
the ligament has been lost in consequence of infection, arthroplastic or 
other surgical intervention. It was to meet these indications that the 
present procedure was evolved by modification of pi'cviously e.xisting 
operations. 

Experience with the older procedures lias demonstrated that where 
the fascial graft is left attached at its femoral end, neither the exact 
course nor the requisite degree of tension can be obtained. Though a 
slight loss of tension may be compensated for by muscular action, the 
limitation of motion and the marked lo.ss of tension which folloiv 
inaccurate placing of the graft arc more serious and may vitiate the 


result. 

Since the essential feature of the present procedure consists in the 
actual replacement of the tibial collateral ligament by a fascial graft, 
accurate information as to the exact anatomical attachment, direction, 
and action of this ligament is indispensable. If the normal internal 
•al ligament is carefully examined, it will be found to present an 
^ t' •* 1 ' different appearance than is suggested by Gray’s ela.ssieal 
eiitiie J Instead of being a “broad, fiat, membranous hand,” this 
desciip • parts, anterior and posterior, each of whieli 

lipment appearance and action from the other, 

differs eu ue . (.xtends from the femur to the tibia in the 

The main an e white band, almost tendinou.s, botJi in its 

form of a naiio"- * ^_j|.j.m„,Y-rence. It is attached above on a ridgi- 
texture and in hs « 
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of tlie tuberosity of the medial femoral coiid^de, just below the 
tubercle. From here the ligament passes downward and sli^btlj ±o ^ 
ward to its attachment on the tibia. The short, 

the semilunar cartilage is fixed are inserted into the ti^al J *eios J 

posteriorly along tlie line of the cap.sular at achment 

fibers, about 10 cm. long, continue donmward to about the 

sartorious tendon, before being inserted into the tibia 

is interposed between the tendon and outer surface of the li,,an . 


M. quad' 
riceps -T 
femoris 


-rM adductor lonqos 




i |/f ' 

' 'I.' , 

1 1 . »v'‘ 


"Epicondyle 




T.biai \yunfm 

collateral X' r' 
ligament V 

Anterior portion Y ^ 

■ ' V ■' i 

posterior portion \ ' y 11 


'M sartorius 


„ It feral afccect of Itnee in e.xtension. showing disposition of 

th.c^t®-an^«.?r pinion of tibial collateral ligament and tiimner posterior deltoid 


The po.sterior portion of tlie ligament is .shorter and thinner than 
the anterior part. It is .somewhat deltoid in outline, and its fibers radiate 
from the femoral and tibial origins of tlie main portion of the ligament 
to be inserted posteriorly on the medial fibrocartilage and the head of 
the tibia (Fig. 2). 

Tbormb the anterior and posterior portions are readily to be dif- 
ferentiated on their appearance alone, a more remarkable difference is 
noted on motion of tlie knee. The posterior portion of the ligaments 
becomes definitely taut in extension and markedly rela.xed and redun- 
dant in flexion. The nutcrior portion, on the contrary, remains taut 
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in all positions of the knee. This is a noteworthy characteristic of 
the ligament, especially when consideration is given to the fact that the 
radius of curvature of the femoral condyle varies at different parts of 
its circvunferenee. The fact that this portion of the ligament remains 
taut at all times is indicative both of the role it plays in maintaining 
the knee joint stability during all phases of its motion and of the neces- 
sity for restoring this tension in exactly the right plane if stability and 
unrestricted motion are to be obtained by any operative measure.*'' 



jp.fT 9 —Transparent drawing showing rolation o( skin incision to bones ami nmJeiJ)' 
^ ms soft tissues 

In its present form the operation is relafivel.v .simple. A curved L- 
shaped incision, about 6 inches long, i.s made on the anteromedial asjject 
of the iuiee joint (Fig- The vea'(iea) arm of the meision hegin.s just 
below the level of the adductor tubercle and is carried douvnrard to 
. . j below the level of the artknluv surface of liie medial 

tuberosity, -^t this level tlic horiyontul arm of the inehian is 

• r d anteriorly toward, but not (juite to, the edge of tlie imtellaj- 

earrie //pbis incision runs roughly parallel to the iiitViiiu-ifellar 
ligaraen . saphenous nerve, i/ijury to whielt is a\ aided.) 

branch dissected back. The deep fascia and the guadi-ieeps 

The skm .,ni,tr. confirm lUon of llnillnstt h.n ‘ri li 

• Since th^XnCBwnUenn Vo^boll - 

in a contnbuUon ui 
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expansion are incised id the same line as in the skin and reflected back 
as a separate layer. When this is finished, the tibial collateral ligament 
will be exposed in the posterior part of the incision. In the lower part 
of the wound, the antei'ior half of the medial meniscus will be seen 
extending from the anterior edge of the internal ligament forward to 
the patellar ligament. In this area the joint is opened and its medial 
half explored. The cartilage or crucial ligaments are treated, and the 
synovial membrane is again closed tightly. 

The upper and lower attachments of the anterior portion of the tibial 
collateral ligament are noiv exposed and t\vo drill holes are made at 
each end of the ligament by a % inch hand drill. The two upper drill 
holes are connected by a tunnel which passes transversely beneath the 
femoral attachment of the ligament, and the two lower drill holes are 



Pig 4 — The joint is opened, exposing the semilunar cartilage. The drill holes in the 
bone for the fascial graft are shown. 

similarly connected by a bone tunnel passing beneath the tibial attach- 
ment (Pig. 4). A piece of fascia 10 inches long and ^ inch wide is 
subcutaneously cut from the fascia lata of the same leg by means of 
a fascial stripper. The fascial gi-aft is then passed in and ont through 
the two upper drill holes, then down alongside of the tibial ligament, 
through the two lower drill holes, and back up to the origin. The leg 
is held in hyperadduetion, and the remnants of the injured tibial liga- 
ment are sutured w'ith several interrupted chromic stitches. This 
serves to maintain the leg in adduction on the femur and at the same 
time eliminates any tension on the gi-aft during the period immediately 
following operation. The fascial gi-aft is now sutured to the periosteum' 
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both at its entrance and exit, into the femoral drill holes. The graft 
is pulled down taut and again sutured at its entrance and exit from the 
tibial drill holes. The ascending limb of the graft is pulled taut and 
sutured to its free end. The medial collateral ligament is now outlined 
on four sides by a quadrilateral graft, the ascending and descending- 
arms of which are visible, while the transverse arms are buried in the 
bone tunnels. The two vertical^ arms are next sutured to each other 
directly over the anterior part of the original collateral ligament so 
as to increase still further the tension under which they are placed 
(Pig. 5). The fascia and skin are then closed in layers with interrupted 
stitches, and a plaster of Paris bandage is applied, with the leg held 
in adduction. This is left on for a period of four to six weeks and is 
then removed and gentle active motion begun. Weight bearing may 
be begun at the end of six weeks, but as a matter of additional pre- 
caution, a knee cage brace should be supplied and the inner border 
of the shoe should be wedged to prevent excess tension on the new 
ligament. 



Yig. 5. The Joint is closed and the fascial .‘luture is in pl.ice 

In conjunction with other operations, the jn-incij)lo of this opci-ation 
been employed in about a dozen cases. By itself the proccdtiro 
1 I en employed in G patients, 4 being eases of ti-.-iumatic rupture, I 
. ill which the ligament in-ovcd insufficient after an arthro- 

bemg a case ^ congenital anoiiiiily. All these eases 

plasty “ I , .^yith the knee in extciision, jind in 5 fliei-o was 

were operate I lateral stability in extension. In i ca.se 

satisfactory re-es a niobility, which in extension did not exceed 

there was a bligi tlexion appealed to be soineMliat greiiter. 

several degrees but whuU 
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Despite this the patients were well pleased with the functional result 
and were able to resume their normal pursuits with but slight incon- 
venience. It may be that this slight defect could be overcome bj^ 
making the fascial graft taut with the Icnee in flexion. This point 
should be further investigated. In the 1 ease in which the result was 
considered unsatisfactory, infection occurred and the fascial graft 
sloughed out of the wound. 

TRAUMATIC RUPTURE 

Satkfactonj Results . — 

C.VSE 3. — B. G. was originally operated upon in February, 1934, after an injury 
to the left knee. At operation, the anterior cruci.al ligament was found to be torn. 
The medial meniscus was fractured, and there was a marked laxity of the knee 
joint due to a coueamitant iujujy to the medial collateral ligament. The cartilage 
wag resected, and only the tibial collateral ligament was repaired in the manner 
previously described. The leg was encased in plaster for a period of six weeks, 
and thereafter gentle, active motion was begun. The patient was seen at intervals, 
the last being in January, 1938, at which time she had a completely stable knee, 
both in the anteroposterior and lateral planes, with normal, powerful extension of 
the knee joint and only tlie slightest degree of limitation of flexion. Tlic patient 
complained of a slight sense of uncertainty in the knee, but she was able to engage 
in all of her usual activities without any limitation wiiatsoever. 

Case 4. — B. B., a markedly obe.se female, aged 45 years, na.^ jlrst seen in Febru- 
ary, 1935, about one week after sive had fallen down four steps, injuring her loft 
knee. She stated tiie knee had turned under her in hyperflexion and abductioa 
and after the accident she was unable to walk or bear weight upon the leg. The 
patient had to be taken liome, and since then she had noted tliat whenever she 
attempted to stand upon her leg, the leg was unstable. 

E,xamination disclosed moderate tenderne.es on pressure over the internal condyle 
and to a lesser extent over the external condyle of the tibia. Anteroposterior and 
lateral Iiypermobility were present. The left knee could only be flex’ed to about 15^ 
beyond a right angle, at which point the patient complained of pain. X-ray of the 
left knee was reported as being radiographically negative. Operation was advised 
and performed on Feh. 28, 1935. At operation the medial half of the postpatellar 
fat pad was found to be contused. The posterior lialf of the internal semilunar 
cartilage was fractured. Botli crucial ligaments were torn, the anterior at its mid- 
portion and the posterior slightly below its femoral insertion. Tlie deep fibers of 
the internal lateral ligament were torn at tlipir tibial attachment, and the ligament 
was definitely relaxed. The anteiior crucial ligament was resected along with the 
internal semilunar cartilage. The posterior erneial ligament was Sutured with 
clwomic catgut. The internal lateral ligament was sutured and then reconstructed 
by a fascial graft in the manner described above. Complete immobilization of tiio 
knee by means of plaster was extremely difficult because of the patient’s obesity. 
Nevertheless, fairly efficieat adduction of the knee was maintained for a period of 
about s)x weeks, after which time the plaster was removed and exercises were com- 
menced. Tlie patient made an uneventful recovery witli restoration of stability and 
functional capacity of the knee. 

C.vSE 3, G. G., male, 14 years of age, was fir.-t seen in the hospital on Alav 4 
1930. IIo stated that two and one-haH years before he had been in an autonmbile 
accident in winch l.c had suffered a fracture of the skull and confusion of the left 
knee. About one year later, wbile broad jumping, hh knee gave' way under him and 
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he feU. Although no swelling of the knee was noted at the time, the patient com- 
plained of a dull pain on the inner aspect of the left knee. He has had two other 
attacks of giving way of the knee, but there was no history of locking or clicking. 
The last attack occurred about three months before the examination. 

Examination disclosed only slight tenderness over the internal collateral liga- 
ment and a marked degree of both anteroposterior and lateral hypermobility. On 
forcible abduction of the leg, a gap of about % inch could be opened up between 
the tibial and the femoral condyles. X-ray sliowed a chip fracture on the inner 
aspect of the left tibia immediately below the proximal epiphyseal line. A diag- 
nosis of a torn tibial collateral ligament was made, and operation was advised and 
performed on May 7, 1936. 

At operation both crucial ligaments were found to be completely torn and were 
represented only by small stumps, which could not be sutured. The internal semi- 
lunar cartilage was removed, and a fascial plastic on the tibial collateral ligament 
W'as performed. Immediately after completion of the operation .all anteroposterior 
mobility disappeared, leaving only a very slight amount of lateral mobility, which 
was corrected by reeling the medial half of the patellar retinaculum. After tlie 
usual period of immobilization in a plaster of Paris bandage, motion was started 
and gradually increased. 

At examination on May 11, 1939, a matter of three years after operation, the 
patient had a completely normal range of flexion and extension. In extension there 
W’as the very slightest trace of lateral mobility noted, not exceeding 2 or 3“. Antero- 
posterior mobility was completely absent. The patient stated he was able to engage 
in all of his normal activities, although he occasionally complained of a sligiit sense 
of w’eakness in the knee. 


Unsatisfactory Eesidt . — 


Case 6. — E. D., male, aged 30 years, was seen in January, 1939, following an 
injury about flve weeks before in which he had slipped on a pile of old iron and 
tw’isted his left knee. Despite severe pain the patient continued at his work for 
that day, but on the following day he was unable to work because of swelling and 
inability to bend his knee. Under rest and hot applications the swelling disappeared, 
but the patient noted intermittent episodes of locking, clicking, and giving way of 
the knee. On crossing his knees he noted occasional clicking .sensation in tho joint. 

Examination disclosed no fluid in the knee joint and no crepitus on motion. 
Powerful, active extension to 163° was possible. Passively, the knee could bo ex- 
tended to 180°. Flexion was normal. There appeared to be some tenderness over 
the anterior horn of the internal semilunar cartilage, with accentuation of the 
tenderness on extension of the leg. With the knee in extension about 15° of hyper- 
abduction was possible and the joint could be opened sufficiently to see tho outlines 
of both the femoral and tibial condyles beneath tiie akin along the inner aspect. In 
the flexed position there was a slight increase in anteroposterior mobility. There 
was marked tenderness over tho tibial attachment of tho tibial collateral ligament. 


The x-raj' showed a slight shadow in the region of the crucial spine but was 
■'se neeative. Tlie patient was considered to be suffering from a tearing of 
rte^ibial coUateral ligament, and operation was advised. 

. ^vhich was performed on .Ian. 20, 1939, the tibiiil collateral liga- 
At opera , iilraost completely across at the level of the upper .sur- 

ment was oun it is to be noted, however, that this did not corre.-ipoud 

face of the me “ tcnderuc'--. Upon opening tho knee joint, the medial iiieni.seus 
ijvith the area o a^-ro-s at its posterior portion. Tho crucial ligaments were 

was found to be plastic reconstruction was performed and after closure 

anparently intact. A asv Vandage was applied, immobilizing the knee, 

ofthe wound, a plaster of Far 
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The patient developed a slight temperature, and on examination of the wound a 
low-grade infection was found. This persisted for several weeks witli a necrosis of 
a considerable portion of tlie fascial graft. At the end of six weeks the plaster 
was removed and a knee-cage brace was supplied to the patient. 

E.xamination in August, 1S)39, disclosed slight, but quite definite, lateral in- 
stability with the knee in extension. Flexion was limited at 110° and active exten- 
sion was possible to 175°. The patient stated that though there was a marked 
improvement as compared with the condition before operation, he did not have the 
sense of complete security which I>ad been expected. This case was considered ex- 
tremely valuable. Though the result could at best be considered mediocre, it defi- 
nitely established the fact that (1) the tibial reconstruction obviated the insta- 
bility and (2) secondary infection, with necrosis of the fascial graft, resulted in 
partial recurrence of the instability. 


INSTABILITY FOLLOWING ARTHROPL,VSTY 


Satisfactonj Besult . — 

Case 7. — J. LaF., female, aged 23 yeans, was first seen in the hospital in March, 
1937, four and one-half yeans after an abortion, as a result of which the patient 
developed a septic infection of the right knee. The patient was under treatment 
for this infection for a period of about one year, after which time she was dis- 
charged from treatment with bony ankylosis of the knee in the position of flexion. 
For three years prior to her admission, to the hospital she had had no signs of any 
acute inflammatory proee.'-s and she applied for treatment for correction of the 
ankylosis. 

Examination disclosed the knee fixed at an angle of 130°, and the x-ray showed 
this was due to bony ankylosis. On April 29, 1937, an arthropla.sty of the knee was 
performed with e.xcellent result. When examined in July, 19?.S, it was noted, how- 
ever, that though the patient could flex the knee to 90° and extend it to 180°, there 
was marked lateral instability. The knee could be abducted to a distance of 10 to 
15°, and the patient complained of a sense of insecurity. On July 21, 1938, a 
fascial reconstruction of the tibial collateral ligament was performed, and the leg 
was immobilized in plaster. After seven and one-half weeks the plaster was re- 
moved and motion begun. In September, 1938, it was noted that there was abso- 
lutely no lateral instability in the extended position and flexion was possible to ldO°. 

In November it was noted that the range of flexion had not been increased, and 
x-ray disclosed that this was due to a bony excrescence on the tibial surface, which 
was a consequence of the arthroplasty and had caused no interference with motion 
until the normal tension of the ligamentous apparatus had been restored by the 
operative reconstruction of the tibial collateral ligament. Despite this limitation of 
flexion, the patient expressed herself as being definitely satisfied with the result of 
the operation, since the pain in the knee previously noted had disappeared and she 
nas able to walk about uith stability. The advisability of a reoperation for the 
removal of the articular excrescence is .still under consideration. 

This case is of particular importance in justifying the procedure here suggested 
since it is to be presumed that following the infection and the arthroplastic pro- 
cedure, the tibial collateral ligament must have been largely destroyed In cises 
such as this the necessity for reconstruction of a new ligament is, ‘of course be- 
yond question. “ ’ 

AIULTIPLE COAGENIT-YL DEFORAHTIE.S WITH 


Case S. 

Department on Feb. 3 


KEL.\X.VTION OF TIBIAL COLLATERAL LIGAMENT 
E. H., female baby, aged 2 days, was brought to the Out-Patient 


1933. 


The patient, the last of three children, was a breech 
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presentation and ivas delivered without instrumentation by podalic version. Immedi- 
ately after birtli marked bilateral clubfoot, right genu valgum, and left genu varum 
were observed (Fig. (3). E.vamination disclosed that in addition the child was suf- 
fering from a congenital dislocation of the left hip and congenital dislocation of 
the right patella. 

Numerous procedures, both open and closed, were undertaken for tiie correction of 
tire clubfeet and for the Idp dislocation. Since they are not of primary interest to 
the present discussion, the details of these treatments may be omitted. 

The right knee presented an interesting combination of bony and ligamentous 
anomalies. The leg could be abducted on the femur to about 35“' from the normal 
position to which it could be passively brought back. Extension at the knee was pos- 
sible to 180° and flexion was linrited at 150°. The patella, obviously nialdevelopcd, 
was laterally displaced above the ex-ternal femora! condyle and was cleai-ly riding 
high above the normal level. In addition, the roentgenogram disclose.d a flattening of 
the distal femoral epiphi-sis and a typical tibia valga. 



pjg fi.— pliotosrapU on admi.ssion sbowinff dcforndtie.s of feet amt Iok.s. 

It W'ls apparent that this knee was the locus of a nuiuher tiC ditl'ereat emiditimw, 
■1 of which required esseutiall.v different treatment, Jn the eJfort to vorrei-t the 
bonv abnormality, a plaster of I'aiis bamlage was applir,! in IH.'H aad 
duallv wedged to correct the tibia valga. Unfortunately, this luid to he 
was gra ‘ Qf an iiuulvertent fracture of the lower end of the f4‘ni(ir, 

‘‘TT'.'wiS "■ 

wUwn tu ,,.,tignt wa.s admitted for osteotomy of llie tdiia. In li'-'S tiic /eilient 

In 19S0 ml' tjj,. palelhir dislocation and the limitation of kmc 

was admitted or r. ^ m was leiigthcncil by a Z slmja’d im-ision. Tim knee 
desion. The .„„J nuaienms adimsions, both peri- .•wid snpraarl/cohir. 

was then complete > pap of cap-ule was thca r.-moied - 

were disrupted. An ‘j ' of tin- hme joint .a/, 

aspect and translerred 
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Jong tongue of tlie Z-sliaped tenotomy was then sutured to tJie inner long tongue 
and the wound closed. TJie knee was bandaged in flexion. Despite the routine 
slougli of t!ie overlying skin, the wound finally healed, and botJi active and passive 
motion was instituted. Ultimately, tlie patient was able actively to extend the knee 
to about 170“ and to flex it to about 00'’. 

In the early part of 1910 the patient was again admitted to the hospital for the 
correction of the lateral hypermobility which still was possible to i>0“ from the 
midposition. The operation above described wa.s performed on JIatcIi. 12, 1910, as 
a completely extra-articular procedure, since there was no need for exploration of 
the joint. On the operating table it was noted that immediately after reconstruc- 
tion of the tibial collateral ligament, the lateral hyperusobility was completelr over- 
come, and the leg was held in a .slightly bowlegged position. However, it was noted 
that passive flexion wa.s limited at about 130". The leg was immobilized in the 
usual manner and for the usual time. Following this, phy.-iotJierapy was instituted. 
In October, 1910, the range of flexion ha>l increased to 115", and this has since still 
further improved so that flexion is possible almost to a right angle. ITith the leg 
in fle.xion a few degrees of lateral mobility .still exi.st.-i, but in e.vtension the .stability 
of the knee is e.xcellent. A slight genu valgum has recurred, but this is due to a 
flattening of the distal femoral epiphysis and will probably necessitate a later supra- 
comiylar osteotomy. 

SCilM.tRY 

The surgical reconstruction of the tibial collateral ligament here 
presented has been employed since 1934. The satisfactory results from 
its successful restoration and the unsatisfactory result of the failure 
confirm the significance of the tiitial collateral ligament in the func- 
tion of the knee, 

Tlie procedure is completely extra-articular, though the approach 
is such as to permit ready access to the joint for e.xploz'atiou if deemed 
neeessaiy. It is applicable to all relaxations of the tibial collateral 
ligament, regardless of the point at which i-uptui’e oeeurs. Since this 
ligament may tear at auj- portion of its continuity from the femoral 
origin to the tibial insertion, the method seems to pos-sess special merit, 
particularly in those ea.ses in which tlie site of rupture cannot be pi’e- 
deteraiined with accuracy. It is based on an anatomical conception of 
the tibial collateral which is different from that commonly accepted. 
It demonstrate.s that the onl.v necessary element in the reconstruction 
i.s tlie accurate placing of the graft dii-ectly over the couise of the 
anterior portion of the tibial collateral ligament. 
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A NEW CLA.^IP EUlt ASEPTIC ANASTOMOSIS L\ 
GASTUOINTESTIXAL >SUUGERY 

MicK.vKt. l)i:JiAici;Y, il.D., Xkw Ouleans, La. 

(From the DcixirtmtiU of Furycry, Tulanc University School of ilcdicine) 

I Ml AT •'iiiastoiiuj.si.s in gasti'oiiito.stiiial surf'cry has Jon>' been 

eonsidorecl a ilesideratiiin Ls evinced by the voluminous 

literatiu'o which lias been ama.s.sed on t)ii.s subject and the numerous 
iiif'enious instruments tliat have been devised for this pui-pose. How- 
ever, in spite of fliese perennial eontributions and reiterations of the 
obvious advautat'es of this metliod, the open anastomosis remains yet 
the most eommonly emiiloyeil procedure. It becomes obvious, therefore, 
that a satisfactory method of aseptic anastomosis has not been evolved. 
This has been due in f'lvat measure to certain objectionable features 
iidicrently present in practically all instruments utilized for this pur- 
pose, The instrument here to be descrilied is presented with the belief 
that these difliculties and objections arc obviated and the procedure can 
lie performed with greater facility and simplicity. 

The instrument consists of a strong crushing clamp simDar in con- 
struction to the Ranlviu clamp" e.xccpt for tlie absence of the middle 
blade (Fig. 1), two thin-bladed clamps, and a clamp holder (Pig. 2). 
The thin-bladed clamps consist of long, slender, narrow blades to permit 
the ‘•turning in” of a minimum amount of bowel wall and have longi- 
tudinally grooved o])posing surfaces to allow a firm grip. The open 
ends of the blades are so threaded that when the blades are appro.xi- 
mated, a nut may be screwed on, thus locking the clamp in the closed 
position. To the hinged end of the blades is, attached a pin which may 
be inserted into corresponding holes in both the crushing clamp and the 
clamp holder for securing the blades in the correct positions. The clamp 
holder consists of a handle with Hvo parallel round holes at one end into 
which the pins of the.thin-bladed clamp are fitted and secured. 

The instrument maj^ be rxsed to perform aseptically various types of 
anastomoses, such as end-to-end, side-to-side, or end-to-side, following 
(rastric or intestinal resections, as well as the closure of a blind end of 
bowel. However, for purposes of expediency, only one type, an end-to- 
end anastomosis, •will be described. 

The thin-bladed clamp is fitted into the large crushing clamp, secured 
1 e by tightening the mng nut, and the blades opened widely (Fig. 

(ri ^ The bowel, which previously has been appropriately prepared for 
“I' . Viptween the blades at the desired site of division and 


resection, is P -- ^ screwed on the ends of the thin-bladed 


placed between the 

crushed (PiS- . elamn opened and removed, leaving the crushed 
clamp and the eruslnn. 

, publication. Jan. 24. 1941. 


Received for 


826 



DEBAKEY; CE*UIP FOB SASTKOINTESTIN-IE SURGERY 


827 


bowel w'all jSi-mly held withm the slender blades of the thin-bladed clamp 
(Fig. 46), Thus, it may be readily observed that the piirpose of the 
heavy crushmg damp %vith the thick strong blades is to transmit the 
crashing force w^hieh could not be obtained by the thin slender blades. 
However, once the bowel -svall is crushed, the thin blades are sufficiently 
strong to hold securely the coapted surfaces. An Ochsner or Payr clamp 
is applied immediate^ adjacent to the thin-bladed clamp and the bowel 
divided betw'een them with the eantery (Pig. 5a). This procedure is 
repeated at the other end of the intended site of division and the resected 




FSg. 2 — Photograph of thin-bladed ciamps and clamp holder. 

bowel included bettreen the Ochsner and Payr clamps removed. Thus it 
is observed that the large crushing clamp remains sterile because it is al- 
ways removed before the bowel is divided. In this way only one large 
crushing clamp is necessary, although several thin-bladed damps may be 
utilized in the operation. The thin-bladed damps containing the proxi- 
mal and distal ends of the bowel are then placed in the damp holder bv 
inserting the pms at the hinged ends into their respective holes in the 
clamp holder. The blades are then rotated, one doelavise and the otLr 
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3, — PliotoKnipli of cTUfliimc oKiinp with thin-blailed cl.vmp secured in place. 








filial 




ty 

• „ ncp of clamp in end-to-end anastomosis following- lesec- 
I nrawing slio'X*”^i-o The bowel, which previously lias been appropriately 
5- ■!• — of bow®* = /“ia between the blades at the desired site and crushed, 
of /®STO‘="‘section, Is P’®-“'inds of the thin-bladed clamp and the crushing clamp 

¥',“e nSt is screwed on the 

^ 'and lemoved. 
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eountereloekwise, iu theiv longitudinal axis, so that the posteiioi uall of 
the respective ends of the bowel approximate each other more c o^ j 
during the installation of the posterior row of sutures (Fig. 56). The 
clamps are held firmly in this position by tightening the wing nuts 
against the pins in the clamp holder. Attention is directed to the neeessitj 
of placing the bowel at the intended sites of division in sjunmetncal por- 
tions of each clamp. This is consideralily facilitated by the fact that 
the thin-bladed clamps are graduated in centimeters. In this way 



-Pti- K \n Ochsner clamp is applied immediately adjacent to the thin-bladed 

clamp'anTthe b^-cldmded between them wUh the cauterj-. (b) repeating the 

nrocSlure illustrated m Figs, i and .Vi. the thm-bladed clamps containing the proximal 
inrt disml ends of Uie bowel are placed in the clamp holder by mserting the pins at 
WnSd Mds into ^their respective holes m the clamp holder and rotated and ad- 
justed so Uiat the posterior wall of . the respective ends of the bowel approximate each 
other The claniDs are held Orinly m this position by tightening the wing nuts against 
the nins m the clamp holder. The ftrst posterior row of sutures is installed by using 
IntenmDted Cushing stitches of quilting cotton, (c) These sutures have been tied and 
iever^ and a seeimd row is similarly installed nearer the edges of tlie blades. 


the proximal and distal ends of the bowel lie exactly opposite 
each other when the clamps are placed in the clamp holder. How- 
ever, .some adjustment can be made by inserting the pins of each 
clamp to the desired depth for accurate approximation of the re- 
spective ends of the bowel. The first posterior row of sutures is 
installed by using interrupted Cushing stitches of quilting cotton' (Fig, 
56). These sutures are tightened, tied, and severed and a second po.s- 
tcrior row similarly installed nearer the edges of the blades (Fig. oc). 
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Tile ^ving nuts are loosened, perinittiii'j rotation o£ the clamps toward 
each otlier, and the .second posterior row of sutures tied and severed, 
ihc ciuinp.s are rotated a little more toward each other and the wing nuts 
of the holder tightened. The til's! anterior row of sutures is installed, 
using interrupted Cushing stitchc.s of quilting cotton (Fig. 6a). The 
lock nut on the end of each clamp i.s umscrewed, permitting the blades to 
open, iiiul as tlic ciainjis are removed, the sutures are tightened, thus 
appro.ximating the bowel edges (Fig. 61)). After these sutures are tied 
and severed, the secoiul anterior row is similarly installed and additional 
sutures are placed at the ends through which the blades projected, thus 
couijileling the uuustomosis except tor closing the rent in the mesentery 
(Fig. 6c). The crushed ends arc opened by manipulation between the 
thum!) and forefinger of the anastomosis through the bowel wall 
(Fig. fid). 



g (a) The wing: nuts have been loosened, permitting rotation of Oie clamps 

each other, and the first anterior row of sutures is installed, using interrupted 
Stitches of quilting cotton. {») The lock nut on the end of eacii clamp is un- 
Cuslimg ® g-mjttins- the blades to open, and as the clamps are removed, the sutures 


nermitting- the blades to open, and as Che clamps are removed, tue suium-f 
scri-wed. P thus approximating the bowel edges. (<?) The sutures of the first an- 
are ^'Shwnea, severed, and a second row is similarly installed and ad- 


hive been tied and severed, ana a secona row is simnariy mscaueu miu an- 
terior row nave " j„ uje rent in the mesentep', thus completing 

ditlonal sUTOie v crushed ends are opened by manipulation between the 

the ^”^®^^“grefinger of the anastomosis throush the bowel wall. 


, instrument was first tried on fresh autopsy specimens and its 
monstrated. It was then used on the Tnlane Surgical Service 
efficacy ne various types of anastomoses. The simplicity 

for the peri „ jjjo. aseptic anastomoses with this instrument in 
and facility o P {,eeji definitely established. The signifi- 

gastrointestinal suToB o' 
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cauce of aseptic gastric resection has been recently emphasized by Wan- 
gensteen^ and this instrument is readily adaptable to this procedure, 
although another size clamp having longer blades is necessary. 

The obvious advantages of this instrument^ are numerous. It permits 
a safe, simple, effective, and easily performed aseptic anastomosis. Be- 
cause of the thin, slender blades of the clamp, a very small amount of 
bowel w’aU is turned in. The installation of the anastomotic sutures is 
considerably facilitated by the stable manner in which the bowel is 
maintained by the clamp holder, thus minimizing trauma of manipula- 
tion and obviating the necessity of other hands in the field. Moreover, 
because the posterior row's of anastomotic sutures can be placed just as 
readily as the anterior from the same position, turning the bowel ends 
over is unneeessarjL This is a real advantage in certain types of anas- 
tomoses because of the aw'kwmrdness and difficulty wffiich may be en- 
countered in completing the posterior rows of sutures. Since only one 
large crushing clamp is necessary, the original cost and maintenance of 
the instrument are kept at a minimum. 
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Tlio wing nuts are loosened, permitting rotation of the clamps toward 
each other, and the second posterior row of sutures tied and severed. 
Ihe elantps are rotated a little more toward each other and the wing nuts 
of the holder tightened. The litst anterior row of sutures is installed, 
using interrupted Cushing stitches of (luilting cotton (Fig. 6a.). The 
lock nut on the end of each clamp is ntiscrewed, permitting the blades to 
open, and as the clamps arc removed, the sutures arc tightened, thus 
approximating the bowel edges (Fig. Gl>). After these sutures are tied 
and severed, the second anterior row is similarly installed and additional 
sutures are placed at the ends throngli which the blades projected, thus 
completing the anastomosis except for closing the rent in the mesenterj' 
(Fig. Gc). The crushed ends arc opened by manipulation between the 
thuiuh and forctingcr of the anastomosis through the bowel wall 
(Fig. G(Z). 



B f/i) Tlie wing- nuts have been loosened, permitting rotation of the clamps 
nther and the first anterior row of sutures is installed, using interrupted 
toward eacn f ^jumg cotton, (h) The lock nut on the end of each clamp is un- 
Cushing stuen 1 blades to open, and as the clamps are removed, the sutures 
screwed, permi l. approximating the boivei edges. ( c) The sutures of the first an- 
are neen tied and severed, and a second row Is similarly installed and ad- 

terlor row nave oe • ends and in the rent in the mesentery, thus completing 

diUonal sdtures p crushed ends are opened by manipulation between the 

the anastomosis, i anastomosis through the bowel wall, 

thumb and forenuge. 


• t Miment was first tried on fresh autopsy specimens and its 
The ms i . , it was then used on the Tulane Surgical Service 
efficacy of various types of anastomoses. The simplicity 

for the perio „£gj,iiiing aseptic anastomoses tvith this instrument in 
and facility of pe definitely established. The signifi- 

gastrointestinal sur„eiy 



DE BAKEY : 


GL.UIP FOB GASTKOIXTESTIN.VL SUKGERY 


831 


oa«e ol .septic gastric resection has b en 
.easteea- and this insriament m rcaddy 

altlioogh another size clamp havmg toser “f “ “ K permits 

The obvious advantages o£ *is iiritr>ment 
a sate, simple, effective, and ^ small amount o{ 

cause of the thin, slender blades > sutures is 

bowd wall is turned in. The 'f “ the bowel is 

considerably facilitated by j^inimizing trauma of manipula- 

maintained by die clamp lioldei, Moreover, 

tion and obviating the necessity o sutures can be placed just as 

because the posterior rows of auaston tumiu«- the bowel ends 

readily as the anterior from ^1- ™ of anas- 

over is tmnecessai^^u This is a lea a \ fr^culty which may be en- 
tomoses because of the a^vkwvardness_and Since only one 

countered in completing the Po^^CTim maintenance of 

large crushing clamp is necessaip-, o 

the instimment are kept at a minimum. 
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A\ l.MIMJOVKI) C'OI.(j.STO.M\' OUTFIT 

Or.oitoi; 1-’. Aucmoij, M.l)., and Jcijan- 0. Kilkv, ^LD., 
Atlanta, IJa. 

A ANIiiS'T colo.sloniy Is ;ui mirortiiiuite liaiKlifap ; about this 

tlu‘1'0 can he no ari'iiinent. But it very definitely' is not tlie in- 
toleral)le thin^j that it has been considered in the past. With the proper 
inana"enu“nt it is |)o.ssil)le for a |>atient AritI^ a pernianent colostomy to 
leail an ai)proxintately norma! life. 

The sucee.sslul management of a colostomy dej)ends on several things, 
h'irst, the e.vaet nature of the colostomy, its location, how much prolapse 
is j)resent, and the tlirection in which its ojiening points. It is much 
easier for a patient to keej) himself clean if his colostomy points down- 
Wiivd and medially. .Sc'cond, the i/2(elligence and clennlincss which the 
I)alienl dis]days in the care of his colostomy. And third, the type of 
colostomy outfit which he employ.s. 

Ideally a colostomy should he .so trained that it performs its function 
only at a given time eaeh day. Since this, for ])ractieal purposes, is im- 
l)o.ssihlc, a colostomy hag or pouch is at present a necessary evil. The 
outfit emi)loycd should he of .such a natui’e that it can he worn com- 
fortably, that it reciuires little attention from the patient, and that it can 
he kept so clean that it is not siu-rounded by the disagreeable odor 
which all too frequently envelopes colostomy patients. 

Jlany colostomy outfits have been devised l)ut none of these has proved 
entirely satisfaetoiy. The one about to Im descilbed was designed by 
a patient, Jlr. C. U. (.'raves. It more nearly approaches an entirely 
satisfaetoiy colostomy outfit than any other we have had occasion to see. 
For this reason we feel that it should be brought to the attention of the 
medical profession. 

Fifteen years ago, following a two-stage operation performed b.y 
William Mayo for carcinoma of the rectum, iMr. Graves was left with a 
permanent colostomj'. A colostomy bag was recommended for his 
use but did not function satisfacforily enough to permit the mingling 
with other people required by Mr. Graves’ profession. Several other 
, g colostomy bags were investigated but seemed to offer no ad- 
’auta"e over the one he had been wearing. Mr. Graves, being an in- 

llVeut and resourceful man, then began to experiment on himself with 
• homemade colostomy outfits. After fourteen years of self-ex- 
varioub gradually developed his present colostomy bag- 

peruuen ■ highly satisfactory, 

tank wlucn ne uu» 

-^vedforpubUcatlon,ran.9. 1941. 



ARCHER AND RILEY: IMPROVED COLOSTOMY OUTFIT 


S33 


Mr. Graves’ colostomy outfit is composed of the following parts: 

1. A washer, worn against the abdominal ■wall; this is a wax-coated, 
thin, flat, rubber washer ivith a flared inner edge. One rim of the washer 
is cut, allowing the ends to be overlapped, stitched together, and made 
to fit snugly aroimd the individual colostom 5 L Extra washers of varied 
sizes are available. 

2. The colostomy tank ; this is made of wax-coated rubber stretched 
over a metal rim. A hole about one and one-half inches in diameter 
placed near one edge of the tank receives the colostomy stoma. 



Fig. 1. Pis- 2. 

Fig. 1. — The unassembled colostomy outfit; rubber ivasher, ceJiophane bag, colostomy 
tanU, and aluminum front. 

Fig. 2.— Shows how the neck of the bag is drawn tJirough tlie back of the tank 
and how the aluminum front fits iii place. 


•3. Cellophane bags oue-half or one pound size; these may be pro- 
cured from any ten-eent store. The mouth of the paper bag protrudes 
through the hole in the liaek of the tank and is held snugly between the 
tank and the rubber washer. 

4r. The aluminum front of the tank; this fits snugly into the tank and 
the entire outfit is held in place by two elastic belts that snap onto the 
tank front. The tank front can be obtained in either of two sizes. The 
thinner of these lias a depth of slightly le.ss than one ineh and can be 
worn when inconspicuousne.ss is essential. 

The wax used to coat the washers and the tank (except the aluminum 
front ) is gulf wax. It can bo bought at any ten-eent or grocery store. 
Its melting point is such that at body temperature it is soft enough to 
form a snug pliable .iunetion. It permits the parts of the colostomy 
outfit to be cleaned and does not retain a feeal odor. Eacli time the 
bowels move, tlie cellophane bag is discarded, the washer rinsed with 
water and dried, and a new bag inserted in the tank. 



sunaiiRY 



I’liT •!— 'Krat at.iKU In puttln(r on the coloatoniy outfit. The belts are in place and the 
isher h is been slipped otcr the coloalonij stoma 


/ 



Pig- i — S'econc? Tim ("ink proper wtth t(s reserioir bag has been placed o\er 

the colo&toinj stoma and lies igamst the ^\asher and the abdominal wall 
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Several advantages of this colostomy outfit are immediately apparent, 
dost important, the paper bags in which the fecal material is collected 
ire easily and inexpensive!}^ obtained from any ten-cent store. The}^ 
:an, with a minimum contamination of the fingers, be removed, discarded 
n a water closet, and replaced. It is possible for the wearer to continue 
it his work even with a severe diarrhea. The use of two paper bags, 
me within the othei’, is said to keep at a minimum the odor from escaping 
lolostomy gas. Wax-coated rubber is more easily cleaned than rubber 
lot so coated and will not retain the odor of feces. A new coating of 
vax is easily applied b}^ immersing, for a moment, the washer and tank 
n melted wax. Should the wearer of a bag-tanic be caught in an after- 
loon subway rush, he need have no fear that a jostling crowd might 
:ause him to soil himself. The tank protects him against blows and the 
lelts hold it securely in place. -' 

During fifteen years of colostomy life, Mr. Graves has developed 
leveral little tricks which make easier the management of his colostomy. 
^Yhile taking a bath, he effectively closes his colostomy by tying it loosely 
vith a single overhand knot of cotton rope. The piece of rope used is 
light to nine inches long and is made by rolling between the hands 
B. & B. cotton, cut one-half inch wide with the fiber. Such a piece of 
iotton rope has enough tensile strength to close the colostomy but will 
lot injure the bowel wall. It can be used again and again. In cleaning a 
soiled colostomy, it is important that the material used shall not be 
rritating to the mucous membrane. Wet kleenex or a wet soft toilet 
tissue, such as scot tissue, serves very well for this purpose. 

We do not claim that this colostomy outfit is any panacea for all the 
troubles of a colostomy patient. There will be times when any such 
patient will soil himself in spite of all that he can do. However, we do 
feel that Mr. Graves’ colostomy outfit represents a definite advance in 
the successful care of a permanent colostomy. 


•MaJe by Mr. C. D. Graves, Dublin, Ga. 
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less than 10 were devoted to iiitrathoraeie malignant tumors and these 
were concerned chiefly with case reports. His prediction for the future 
could not have been farther from the truth when he stated: “It is 
sometimes said that surgeons fifty years hence will think as little of 
our results as we think of the methods of fifty years ago. So far as 
regards the surgery of the chest, this is utterly untrue. Fifty years 
ago it had risen above the horizon. It is now nearly at its zenith.” 

A careful survey of the factors ijivolved which have delayed the suc- 
cessful surgical management of lung tumors enables one to gi'oup them 
under three headings: (1) altered cardiorespiratory function due to 
disturbance of intrathoracic pressures, (2) methods of diagnosis, and 
(3) resection of pulmonary tissue. 


PHYSIOLOGIC CONSIDEK.ATIONS 


One of the major factors which retarded intrathoracic surgery was the 
fear of an open pneumothorax. The dangers associated with this con- 
dition were recognized by the ancient Greelis, but they nademtood little 
of the underlying principles on which this was based. As early as the 
sixteenth century, however, some knowledge of the influence of altered 
intrathoracic pressures on cardiorespiratory function was gained from 
animal experimentation. 

The anatomist at Padua, Yesalius," demonstrated the dangers of an 
open pneumothorax to Ids students. He exposed the transparent 
parietal pleura, through which the movements of the lung could be 
seen. On breaking this membrane the lung would fall aAvay from the 
side wall, but the motion of the chest remained imchanged. If the 
other pleural cavity was opened, “the lungs are seen as the result of 
perforation to fall together and collapse. The cardiac motion may not 
be observed for long, since suffocation of the animal will come on ac- 
count of the collapse of the lungs. In order to restore the life of the 
animal, an opening is made in the upper part of the trachea, into which 
a pipe made from a reed is introduced and when it is broken into, if 
the lung rises up, the animal receives air. The lung should be inflated 
to the degree to which it occupied tlie thorax in life. The lieart now 
gathers strength and its motion will change beautifully. Therefore, by 
maintaining repeated inflation of the lung, you may have opportunity 
to examine the motion of the heai't both by touch and sight as much 
as you desire.” 


Thus we see that Yesalius understood both the untoward effects upon 
the cardiorespiratory function of open pneumothorax with its altera- 
tions of intrathoracic pressures, and a means of avoiding these delete- 
rious effects or of overcoming them once they were established For 
centuries, the dangers of an open pneumothorax were remembered but 
the principle mvolved m the method of overcoming or obmtin« them 
was forgotten, or at least U was not associated with thoracic probfems 
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Duval's opinion is found in tlie use of spinal anesthesia for a considerable 
number of thoracotomies, notably in Canada and ni England, without 
serious deleterious effects. As stated by Edwards,^® “when the chest is 
widely opened and the lung is free from adhesions and collapsed, a pa- 
tient under spinal anesthesia, i.e , at complete rest, is able to breathe com- 
fortably and easily. If, however, cough occurs, there is invariably 
some respiratory distress which, if minimal, will settle in a moment or 
two, but if more severe, can only be controlled by the administration 
of a little oxygen given under slight positive pressure with a firm- 
fitting face piece.” Why there exists the discrepancy betw'een differ- 
ent patients under similar circumstances is not entirely clear. How- 
ever, one fact is definitely understood; namely, coughing is not well 
tolerated during the presence of open pneumothorax without some 



Fig 2 — X-r«i> of chest of a 56-> ear-old male with a squamous-ceU carcinoma of 
the left pnmari bronchus The increased hilar shadow is characteristic of the Jcsion 
in this location mth beginning bronchial obstiuction, pneumonitis, and atelectasis 

ele\ation of the piessnre within the tracheobronchial tree. Whether 
this IS on the basis of side-to-side movement of the mediastinum ivith 
Its deleterious effects upon the normal insufflation of the opposite luim 
or whether it inteiferes materially with the return flow of blood to the 
heart and consequently diminution of the cardiac output is not defi- 
nitely understood lion ever, both of these functions are probably 
altered It is well knovn that a correction of these deleterious effects 
aggravated by coughing, can be quickly and easily brought about by 
the administration of oxygen under a low positive pressure 


'X 
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j\Ietliods, prouudiux'.s, and oven principles suciii to have a way of being 
I'ehorii or discovered again and again and so it was with the present 
principle involved. Von IMikulicz’* set Sauerbruch'-' to work upon the 
problem of intrathoraeie surgery and as a result the negative pressure 
room was constructed. Shortly thereafter, the i)ositive pressure method 
of maintenance of expansion of the lung was elaborated upon and per- 
fected by ileltzer and Auer.'® The ])rinciple involved, i.e., maintenance 
of lung inflation, was the same with both types of pressure, one working 
from within the air ))assages and the other from without. The method 
of i\[eltzer and Auer which made u.sc of intratrachial anesthesia under 
positive pressure had eonsiderahle advantage over that of the negative 
pressure chamber in that it was much less expensive, much simpler of 
operation, and, therefore, lent itself for a wider usage. In spite of 


3J-, r.rwh r jiriiiiuui r ApiufAl zuiii ^tlultuIl| tier {,'iitrtilriii.'kviirl,iiii;; thicli S ilmibuccii. 



1 —N-psrative pressure room developed by Sauerbruch for intrathoraeie operations 
* on animals. A similar room was constructed for clinical use. (After Sauerbrucli.) 

Meltzer’s work and Elsberg’s”’ application of the same to clinical 
surgery, a state of confusion continued to exist regarding the detrimental 
effects of an open pneumothorax. During the flu epidemic of 1918 em- 
emas complicating the influenzal pneumonias were accompanied by an 
-emely high mortality when treated by early open drainage. The 
\ of Graham and BelP® of the Empyema Commission of the U. S. 

_ ented seemingly irrefutable evidence that the risk of an open 
Army pi®® ^ directly proportional to the size of the opening in the 
pneumot lorax Germany, was a staunch believer of this 

chest wafl. other hand, DuvaP® in Prance felt that these dan- 

point of view. pvairgerated. Clinical evidence in support of 

„ers had been very muen - 
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aad Bjorkniaii « on examining the pulmonary 

independently using a method devised " lower 

spivometiy, found that the respiratory function of the lu « ^ 

L of an unopened chest with a patient in a lateral ^ 

than that of the upper side. This was thought to be 
Mood supply of the lower lunghy 

tal evidence appears irrefutable, the explanation for the results is 
entirely convineing. 


^TiS!: 



, 1 ...» nf a fi2-veai-'Ol(l \\oman who complained 

Piff m — X - ra > of the chest C, ^J’^ation. The right upper and middle 

^’;fe"?es7ctfd"f^Uo^vcTbrU 


ot a non 
luns lobe. 


Thus m Mew ot tlic many and vaiied difficulties and confusing idea 
ve<midin‘> this problem during even recent yeans, a very valid reason i 
obvious for ll>e delay in making intrathoracic exploration a relativel. 
L^fe°pi'oceduie Tiie application of some of the principles developei 
within iceent yeais will be discussed further under the heading o 

anesthesia 

mrsncTioN of lung tissue 


The slow de\ elopinent of a suitable teeliuique for lobectomy and 

.. ,1 - j ? ,£. : 
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That the coiinpse oL tiie lung which oeciirs duving an exploratory 
thoracotomy is not in itself especially harmful, and does not reduce the 
normal lung capacity to a lethal level, has been repeatedly demonstrated. 
Both animals and human beings may well tolerate reduction in lung 
function to a marked degree; namely, one-thiid to one-sixth of their 
original capacity.'' This fact is home out by the fiequent observation 
made during exploratory thoracotomy that the mobile mediastinum sinks 
well over the midline toward the unoperated side, thus irnpingirrg ma- 
terially itpon the function of the presumably normal lung. Praerrekner 
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Graliam.-^ This has been explained in part as due to the lack of in- 
herent healing in the bronchial ^vall by Bettmany^ whose experiments 
were substantiated by othersA^ It was partly for this reason that mass 
ligation of the hilar structures was discarded in favor of the dissection 
technique. This consisted of individual ligation of the vessels and sutur- 
ing of the bronchus followed by covering of the same with mediastinal 
pleura to encourage primary healing of the bronchial stump. More re- 
cently, compensatory changes following the reduction in lung function 
have been studied experimentally,"®’ the results of which will be 
discussed under a separate heading. 
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siil)j(’ct. Tlu“ (ii'.st toliil piiciuiiomrlriiny wjls liurfonnecl by IJolaiidiis'^ 
ill 14!)12. Ill ISSI (Jliiclv-"’ iciuovcd llie entire lung on one side from six 
(logs jiiul eigiil ral)l)it.s, of wliieli two of the latter survived. Friedrich-^ 
ill 1!)()S, liy use of llie prineiple of di.s.section and separate ligation of 
vessels, was abb' lo secure a favorable mortality rate in animals. Sub- 
.seiiuenlly, willi iniiirovemenl.s in suigieal leclinique, pneumoneetoiny in 
dogs lias been carried out with les.s than 10 jier cent mortality."' 



B. 


j ^ R Micioscopic section through entiie tumor mass which consisted 

Fiff- filled with pus. Guinea pigs injected with the contents of 

a thick-availed^ Diagnosis: O. Photomicro- 

seen in B. 


of a thick ^ a culosis 

the •'“■’'.‘Siofil of ''all of cavity 

grapli (Xl-O) “ not continuous throuehoi 

Giant’ celir've(e f°“"'' 


C. Photomicro- 
y squamous epi- 
Itration of wall. 


r for tumor and for bronelticctasis was accomplished as early 
Lobectomy by Sauerbrueli. Al- 

as 190'' by T pneumonectomy in animals was performed as early as 
though the nrs 1 piieinnonectomy in man for tumor was not 

1492, the fii'st ..i,aost four and one-half centuries later, by 

performed until 194o, * 
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in methods of diagnosis it has been found to rank second in fiequency 
only to carcinoma of the stomach.®' Thus, it is now appreciated as one 
of the major problems in tlie treatment of neoplastic disease. 

CLAfcSIFICATION OF TU3IOKS 


A discussion of the recent advances in the surgical licatment of pri- 
mary lung tumor would be nicoinplete witiiout some attention being 



Pigs DO ami D — See ojiposlte pnfiro for leeend. 







S.UKGEUY 


air iiai5b,ages made l).v Killian^® in 1897 was another gxeal step forward 
not only in the establishment of a coricet diagnosis during an earlier 
stage of the tumor but also in the realization of its frequent ocem-rence 
IVliercas primary imilignant tumor of tlic lung was once thought to be 
infrequent ami of interest chiefly to the pathologist, with improvement 


■ 






iM\ 


was flist seen becausi 
.duaUy enlarging opacit> in socoj 
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ment which persists between various authors in this regard is probably 
best explained by the marked variation in both the rate of growth and 
the cell type and arrangement in different tumors. If one is to take 
evidence of infiltration of surrounding structures, as well as metastases 
to neighboi’ing hanph nodes and distal tis.sues and organs as a criterion 
of malignancy, the length of the clinical course may vary from one to 
fifteen or twenty years. Naturally this variation in clinical coui’se and 
histologic appearance has had considerable infliienee on previous methods 
of treatment preseiibed. 



FiK ~if' — S> «• opijositc for IlsoiuI 


Again, the location of the tumor may vary from a main stem bronchus 
to the extreme iicriphery of tlic lung, wliother it he a squamous-eell or 
some other cell type of eaieijioma. The location of the tumor is likely 
to have a definite healing not only on the clinical coui'se but on the sta"e 
at which a correet diagnosis is made. In general, .symptoms are mani- 
fe.sted earlier m tninois loeated in the primary stem bronchi, due to irri- 



.St/KfJKUV 


gi\oii to tile varii'ty ol liiinors involved, i'’or all praclieal purpo.s'C‘S, pri- 
iiiaiy niali^naiU liiiiior of Ihe hinif is syiionymouH with broiicliogenie 
ViU’cinoiiia. Other liiniors .siieh a.s .sareoina, eiuloliielioiiia, etc., can ho 
dismissed as heing jvii'c siiiee the varialion in cell type and pattern of 
arrangement in In’oiieliogenie eareiiioma has been recognized. As stated 
above, during recent years the incidence of this tumor has been .shown 



Fiff. 


5 E and F.' 


-Microscopic section (i?) anti pliotomicrograph (X32S) (F) sliow- 


i-ceil carcinonij. of the lung. 


a squaniouS' 

1 second only to that of carcinoma of the stomach. Tliis I'epresents 
to rai malignant tumors. (Seyforth,^- Jaffe,^^ 

. ,, ^ „eeepted classification of bronchogenic carcinoma is not 

A nniversa J ^resent time. Variou-s classifications have been pi-e- 
in existence at le more recently by Tuttle and Womack, 

sented from time o jissoeiates," and Gebaiicr.'" The disagree- 

Halpert/* Kabinovitch ami 
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given by Kabinovitch, Hocliberg, and Lederer.^'’ These anthors classify 
bronchogenic carcinoma into three main groups as follows ; 

1. Squamous cell carcinoma 

2. Cylindric-cell carcinoma wliieli includes 

a. Adenoma 

b. Undiffeientiated cell eaicinoina, including 

(1) Medullary 

(2) Round cell 

(3) Oat cell 

3. Pleomorphic-cell carcinoma 




s 1 X-ray of chest of a 62 -jear-olU woman who complained of a productive 

coush' icpeated hemoptyses, and attacks of pneumonia over a period of several years' 
duration Note triangular-shaped opacity in lower right lung field due to atelectasis 
and pneumonitis.’ 


They state that the unicellular theory seems to hold true and explains 
the variou-s foinis of malignant growth that may arise in the bronchial 
tree. A fourth elassificutiou has been iircsented by Tuttle and Womack 
in follaboratiou with rirahain*' which divides all tumors into two groups; 
i.e., &(iiiamoiis-cell earfinoimi and mixed tiiniors of the lung. These 
anthons have presented evidenee that various cell types and arrangement 
of the same may he found within the .same tmnor and that many appar- 
ently benign tnmoi-s are aetiialiy malignant, as demonstrated by metas- 
ta.ses in tlie lymphaties iind by invasion of adjacent structures. 
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Ultiou of (lie iiuicosii and lo (lie devclopiiient of infection subsequent to 
obstniclion of (he air passages. This centrally located group represents 
about 1 5 per cent of all I)ronchogenie carcinomas and has been thought 
to be the most favorable group for surgical treatment inasmuch as an 
earlier diagnosis can be established from bronehoscopic examination and 
biopsy. Indeed, tumors located near the periphery may become several 
centimeters in diameter only to be found accidentally on x-ray examina- 
tion before any symptoms have been noted. Again, tumors may become 
quite large, the center may become necrotic with cavity formation giving 
rise to the symptoms and signs of lung abscess as the fii’st evidence of the 
presence of a tumor. In a recent report by Hauser and Wolpaw^^ this 
course represented about 12 per cent of all bronchogenic carcinomas. 
Still another group of tumoi's arising in the main stem bronchi and pro- 
.iecting both into the bronchial lumen and infiltrating the peribronchial 
structures gives rise to repeated attacks which are diagnosed as pneu- 
monia, the attacks usualb' extending over a period of several years.'*^ 
This group of tumors has been called benign bronchial adenoma as well 
as numerous other names, but from the standpoint of cellular structure 
the beJiign cannot be differentiated from the malignant variety. 
Churchill'*^ states that this groiqj represents about 5 per cent of all 
bronchogenic carcinomas. 

Purely benign tumoi's of the lung are relatively rare and include 
chondroma, lipoma, fibroma, and angiojna. These tumors need little 
consideration since they represent such a small minority of primary lung 
tumors. Another relatively nonmalignant tumor is the endothelioma, 
four of which were recently reported by Edwards and Taylor.^'* These 
tumors, along with the above-mentioned benign tumors, produce symp- 
toms either bj’^ pressiire upon adjacent structures or by secondary infec- 
tion of the bronchial tree due to obstruction. An angioma of the lung 
treated by Tuffier^“ in 1889 involved the chest wall, eroding the ribs by 
pressure. A number of angiomas have been removed by Sauerbruch.^® - 
One characteristic of thoracic angiomas, as is common with angiomas 
elsewhere, is the marked hemorrhage which usually occurs Avith their 
removal. This may be serious and is usually controlled by suture and 


pacldng. 

Primary carcinoma of the lung has received various classifications, the 
folloAving of Avhich have been most recent : Halpert^® has divided them 
into three types, depending upon the embryological direction of growth ; 
the “reserve-cell” carcinoma, (2) cylindrical-cell carcinoma, and 
o\ mous-cell carcinoma. He believes that all tumors arise from 
(3) the basal cell. Oclisner and DeBakey'’’ find this to be 

one ce , . classification of primary carcinoma of the lung, 

the bronchogenic cai-cinoma into three fundamental 

Gebauer small-eell carcinoma, adenocarcinoma, and squamous- 

types; namely, ^ tjgjjgves that this tumor “cannot be regarded patho- 
cell carcinoma. single entity.” A third classification is that 

logically or clinically as 
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tumor. To a lesser extent symptoms are produced by dii'ect invasion of 
adjacent structure.s. On the other hand, many tumors located hi the 
peripheral portion of the lung remain quiescent for months or even 
years, regardless of the type of tumor cell or their arrangement (Fig. 5). 
Again, as mentioned above, central necrosis with cavity formation and 
infection in some tumors produces symptoms and signs of piilmonavy 
suppuration, tubei'ciilous or noiitnberculons in nature. Most of tliese 
features have been discussed by others^'* and need not be given detailed 
discussion here. It will be apparent at once that the sooner symptoms 



c. 

Fip. \iC.— Sve opijustw far Iwoml. 

are produced by a tumor, the greater tiie likeliliood tliat an early diag- 
nosis will be made, providing diagnostic methods are properly irsed. 
Thus, tumoi-s whicii lemuin “silent” and are found only lata in the 
course of the di-sea^e wiit iiave a much poorer prognosis^ providing their 
degree of maligna uey is the same. 

One of the principal factors in cl)iigjiosi.s is suspicion of the presence 
over dO years of age liaving symptoms referable 
i.> high meidence of the tumor is kept in mind, 
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lluis it is quite iipinireiil that a unil'oi'iii opinion regarding the 
l)atliologic eliaraelorislic.s of hroiiehogenie eareinoina does not exist at 
the present time. 'I'his, in the j)a.st and to .some extent also at the 
pre.sent, lias added gi'eatly to the eont’nsion regarding the early diag- 
nosis and proper therapy tor these tumors. Jt is quite probable that 
the nnieellnlar theory is eorreet and that the rate of growth and degree 
of malignaney is variable regardle.ss of the type of cells or their ar- 
rangenient. What is more important is that these tumors are all poten- 
tially malignant aiul should be treated as such, following the principles 
for treatment of eareinoina elsewhere in the body; namely, the com- 
plete removal of all of the tumor-bearing tissue. When considered 
from this aspect an earlier diagnosis may be expected, and proper 
therapeutic measures may be iii.stitntcd at a time when the tumor is 
still in the operable stage. 



B. , 

-pi 6 B and C . — Photograph of lesected light lower lobe {B) and microscopic 
(O'l thiough entire specimen. Note bionchial tumoi filling a secondaiy bron- 
extending out into the primary bronchus of the lobe. The completely ob- 
^?^cted portion of the lung is atelectatic, the incompletely obstructed portion is 

hronchiectatic.* 

DIAGNOSIS 


The clinical symptoms and physical findings in bronchogenic car- 
• extremel}^ variable, not only in different patients but at dif- 
cinoma aie patient. Statistics covering this feature 

feren P onthered from all tumors as one grouj), nor from all stages 
should not b In general, one can 

of the tumor, lo symptoms are on the basis of infection 

say that a large P^° tn varying degrees at ohstriiction by Ihc 

of the respiratory passage 
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tumor. To a k'i..ser oxtoii! syiiiptuiK'''’ pi'oilimed kr direcl invasion ol 
iuijaeent striu-tiiri's. On (lie othor liatnl. many tumors located in the 
poriiiiioral portion of the limp; remain ((uieseonl for months or even 
years, regardless of the type of tuuH>r cell or llieir arrangement (Fig. 5). 
Again, as mentioned aliove, eeutral necrosis witli cavity formation and 
infection in .some tumors produces symi)toms and signs of pnlmonary 
suppuration, Inbercnlons or nontnhcvciiions in nature. Ufost of these 
features liavo been diseiis.sed by olhcns^*' and need not bo given detailed 
discussion here. It will he apparent at once that tlie sooner symptoms 



c 

Fig- i,C — Si‘i oDpp'.it.' p igi‘ foi legonil 

are produced by a tnnioi', the greater tlic likelihood tliat an early diag- 
nosis will be made, iiroviding diagno.stie methods are pi'operly used. 
Thus, txunoi-s wliich remain “silent” and are found onlj^ late in the 
cour.se of the disease will have a mueli poorer prognosis, providing their 
degree of maliguaucj- is the same. 

One of the principal faetore in diagnosis is suspicion of the presence 
of tumor in all patients over 40 years of age liaving symptoms referable 
to the chest. IVlicn tlio high incidence of the tumor is kept in mind, 
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1 luis it i.s quill' ai)j)ai‘L‘jit iJiat a iiiiit'onii opiaioa regarding the 
patliologic eliai'ai'leri.slies' ol i)i'on(‘lio*{t'iiic; cairiiionia does not exist at 
tile peeseiit lime, 'riii.s, in llie jia.st and to .some extent also at the 
pre.sent, has added p:eeatly to the eonl'iision rei^arding the early diag- 
nosis and proper therapy' lor these tumors. It is quite probable that 
the unieellular theory is eorreel and that the rate of growth and degree 
of malignaney is variable regardle.ss of the type of cells or their ar- 
rangenient. AVhat is more inqnirtant is that these tuinor.sare all poten- 
tially malignant and .should be treated as such, following the jn'inciples 
for treatment of eareinoma elsewhere in the body; namely, the com- 
plete removal of all of the tumor-bearing tissue. When considered 
from this a.speet an earlier diagnosis niaj' be e.xpeeted, and proper 
therapeutic measures may be instituted at a time when the tumor is 
still in the operable stage. 



3 . 


c R nnd C Fiiotograph of resected right lowei lobe (B) and microscopic 

thrnugh entire specimen. Note bionchial tumoi filling a secondaiy bron- 
section 5,^;!- out into the primary bronchus of the lobe. The completelj-- ob- 
chus and Jf the lung is atelectatic, the incompletely obstructed portion is 

structed poruun 

bronchiectatic. 

DIAGNOSIS 

linical symptoms and physical findings in bronchogenic ear- 
The c " j.jg5i^ely variable, not only in different patients but at dif- 
cinoma are - patient. Statistics covering this feature 

ferent peiio fi-om all tumors as one groiq), nor from all stage.s 

should not be ga he very misleading. In genera], one can 

of the tumor, tor ^ symptoms are on tlie basis of infect ion 

a large prop varving degrees of ohsi ruction by tlic 


say that 
of the re: 


spiratory passages due to 
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Differential Diagnosis . — One of the most difficult conditions to be dif- 
ferentiated from periphei'ally located careinoma is pulmonaiy tubercu- 
losis. As already pointed out bj’’ Hauser and Wolpaw, cavitation occurs 
in about 12 per cent of the tumoi-s and both roentgenologically and 
clinically may simulate the appearance of pulmonaiy tuberculosis (Fig. 
3). Again, one may occasionally see a solitary tuberculous lesion 
which produces an opaque shadow on x-raj-- examination and which 
appears not unlike a peripherally located primary lung tumor (Fig. 4). 
In the later stages of the tumor, emp 3 ’’ema and nontuberculous lung 
abscesses are often presented as the primary diagnosis. Again, in the 
more benign, centrally located tumors due to the px’esence of infection 
of the air passages, bi’onehiectasis and repeated attacks of pneumonia 
are eommonlj'- mistaken as the primary diagnosis. Thus it is evident that 
when these lesions occur in patients where primary careinoma is likely 
to be found an earlj'- differentiation can be made onlj’- by observation and 
by the use of available diagnostic methods.®^' 

(To he concluded in the Decemher issue. The references will accompany the last 

section.) 


mZrV toV S* “'-ly Agmses If 

Whci- diagiiostie ine<hods u-h.V;, .. . 

tJesevibod by Dnd'reon^^ examination of 

pomtnm findin- in a Jn„ 2 , pei-cmuar,! i ^"/naPgnant eeJis wineJi give a 
Piesent m tho sputum. This is csZ ' eelis are 

mupherally ,vitP necrosis of the c^tnf Seated 

‘ of pJenrai effusions by 

^ ^'Jandelbanm's method^o which 



bowing the character of the tu.«or 


upper left a Jayer of hbrin Vr W stratified so iiV, 

Showltis the character of the tw?or ce^l^ 

u thejr stroma.* v.yvouv^ 

includes centrifugation and feation of the s ;• 
staining for microscopic examination. Both t ,, subsequent 

are usually positive only after the tumor T diagnostic methods 
operative stage. A third diagnostic procedure 

of value by some authors is aspii-ation biopsy it ■ ■ ^<^Ported 

tion is only in peripherally located tumors and k nbnuf"}^’ applica- 
the tumor has become inoperable. The advisabilitv ^ 
luestionable since spread of the tumor alon«> the noth ^"'P^yment is 
puncture has been frequently observed. Since bronehoseonie ^ 
ion with biopsj’- of tumor tissue is applicable to about 75 per c i 
ill primary carcinoma, it remains the most valuable procedure fo™ • 
iroving surgical treatment. ^ 
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the Wood i>re6sure returned to nouiial and liud rcmahiod ^o foi t\\o and fifteen 
jears, rcipectheiy, after evstoseopic dostiuction of the ureterocele. 

W. H. Toulson, Baltimore, re\iewcd 41 pennepluie :lb•'ec^■'e^, of which 13 neie 
secondary to renal suppuration, 27 nere apparently primary, and 1 nas an evten- 
biou of iuflanimatiou fioiii an adjorning vWcu*?. 


G- C. Fratiwr, Boston, studied 72 eases of pjelonepluitis of pregnaue.e, 10 per 
cent of ahich recurred in suhsequent pregnancies. lie could not detect aiu inci cased 
tendency to hypertension in subse(|iieut pregnancies; i.e., a patient who has had a 
pyelonephritis js no more likely to ha\c In pertciisiou tlian one who has not. 


J. K. Ormond, Detroit. Uwaged the renal peii is with 2o per cent siher iiitiatc 
for an acute pyelonephritis. Nine jeais latei nepliiectomy was done for a pyoue- 
plirosis with an impassable ureteral stiictiire, and deposits of siBer were demonstiaWe 
in the iuteistitial tissue. De.stuictioii was attributed to e^tla^asat^on of the siher 
nitrate into the parenchyma. 

D. M. Davis, Philadelphia, ptesonted a c\stos<.opic table with .i top and leg 
lioldera which could be slid up away from the BiicKy diapliragm and oier a fluoro- 
scopic apparatus, without disturbing the jiatient. 

The following papers weie pi evented on May 30: 


A. J. Scholl, Los -Vngoles, leiicwed ti eases ot gunshot wounds of the ivulney 
seen in ten years, and concluded that the injury of tlie kidne\ was iisualB secondary 
m importance to that of the intestines, wounding of wineli often led to death. 

A. D. Dean, Jr., Hew YoiK City, declared that no satisfaitoiy routine for the 
treatment of Wilm’s tumors of the kidney has been establislied. The tumors ate 
capricious m their response to it radiation, after wlncii they alwais lecui. li radia- 
tion followed bj nephrectomy is the most satisfactoij tieatment thus far aindable, 
2 of Ills patients so tieated being well foi four and one linlf rears. 


G. W. Fiah and G. P. Cahdl, Hew Yoik CU\, had records of oS cases of poly 
cystic kidnejs. Twentj three came to opeiation (drainage of cjsts, abscesses, ne- 
phrectomy for complicating tumors, etc ), ot which 17 were Iniiig and apparentlv 
well for fiom one to sixteen jears. 

G, G. Smith, Boston, discussed the indications toi ureteioentciostoniv, basin'* 
his conclusions on 54 patients. The surgical mortalitj should be below 15 per cent. 
Late complications are lathei frequent, and the utihtj of the operation in cancer 
of the bladder is still debatable He emplois unilateral extiapeiitonenl tiansplan 
tation without catheters. 


P. H. Colby, Boston, adioi.ites cutaneous ureterostoinr in tuberculosis iiiioh- 
ing both kidncjs or a solitary kidney la the piresence of intoler.able erstitis. If a 
satisfaetorj pi ejection of uietei heiond skin can be auanged, catheteis can be 
omitted and modified eolostoms cups used. In 10 cases gianfying relief was secured. 

C. D. Creevy, Jlinueapobs, dcsciibed 4 unusual txamples ot obstruction at the 
u.eteiopehic junction including 1 gramilonia, 3 poljps, and 3 lecnnent obstruction 
,iho\e the uretcropehic junction by aeeessory vessels deliberateiv left at operation 
He concluded that the junction should alw.ajs be explored during plastic operations' 
and that acccssori vessels s;,oulj nhiay!, be divided. 


Alexander Eandall, Philadelphia, reported a tumor of the ureter 
diagnosed by urography and treated by Hephroureteicetoniv, but njiich 
bs an eiiiloiiictnoma on section. 


whtth was 
proved to 
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REPORT 01'' THE ^^lEETING OP THE AMERICAN 
ASSOCIATION OP GENITO -URINARY SURGEONS, 
HOT SPRINGS, VA. 


SlAY 29-31, 1941 


C. U. Ckeevy, jM.D., Minneapolis, Minn. 

(From the Depurtment of Vrotogi/, University of Minnesota Medical School) 

T he EIFTY’-XiriRD amiunl meeting of the American Association of Genito-Uri- 
nary Surgeons was held in Hot Springs, Ya., May 29, 30, and 31. The meeting 
ojjened on Jlay 29 with the following papers; 


W. J. Engel, Cleveland, reported two cases of pheoehvosnoeytoma of the ad- 
renal. In each there was a variable but not paroxysmal hypertension, with symp- 
toms .suggesting hyperthyroidism. One patient had a severe diabetes and died from 
an infection, the tumor being discovered at necropsy. The second patient, a 19- 
year-old girl, had attacks characterized by a feeling of intense lieat, followed by 
faintness and perspiration. Pyelography and perirenal air insufflation were not 
diagnostic; the tumor was discovered at exploration; recovery followed its removal. 
The importance of adrenalin and transfusion during and immediately after opera- 
tion was stressed. 


B. H. Hager, Los Angeles, added to the meager literature another example of 
an apparently solitary metastasis from a renal neoplasm. A tumor of the left chest 
wail of eight years' standing proved, on excision, to be a renal carcinoma. Pyelog- 
raphy incriminated the left kidney which was removed a mouth later. Twenty-five 
mouths after operation the patient was well. 


G S. Poulds, Toronto, Ontario, described a neoplasm of the kidney which in 
some" areas was a papillary cystarjenocaremoma, in others a hypernephroma, and m 
still others interiiiediato between the two. 


TI G Bvigbee, New York City, presented a case of renal tuberculosis in which 
the pyel'ogram was tliat of a papillary neoplasm of tlie renal pelvis. This was due 

to a tuberculoma. 


n 'nliv Boston, discussed current theories which attribute some liypor- 
■W. G. QUi > disease, and reported experiments in which a temporary rise 
tension to pressure followed temporary occlusion of the renal artery in nni- 


of systemic hlooa denervated, and adrenals removed. This ho regarded us 

nials with vagr Iiyperfensio 

^mai that the 


f mechanism of hypertension is 'H.umorai. " 


• fro reported two very interesting e.vampies of hyperten.sion 
V. J. O’ConOfr Chicag^r^^^i^^^^ kidney, hydrouephro.sia, ami ureterocele. In both. 


in young men, each with a 

-^ivea tor puhUcation. lub 


28 , 1911 . 

854 




REVIEW OP RECENT JIEETINGS 


857 


E, M. Nesbit aiul E. H. Cummings, Ann Arbor, Mich., found that the routine 
use of prostigniine in patients with postoperative urinary retention was ineffective. 
Given prophylactically, it apparently did prevent retention in a small percentage 
of cases. 

H. G. Hamer, Indianapolis, presented the ease of an unusual prostatic abscess, 
which was small, centrally located, and which was mistaken for a benign hypertrophy 
by several e.vaminers. The patient died of cardiac failure and pneumonia, and the 
abscess was found at necropsy. It had not been influenced by sulfanilamide. 

W. N. Wishard, Jr., Indianapolis, reviewed the subject of carcinoma of the male 
urethra, 171 of which are reported in the literature, 20 since 193S. He concludes 
that its frequency is increasing. His patient had a transitional cell carcinoma of 
the penile urethra near the external meatus, five years after fulguration had cured 
a papilloma of the membranous urethra. Badon and x-ray apparently destroyed the 
tumor, the patient now being well (e.vcept for a stricture) for two years. 
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W. J. Baker, Chicago, resected a vesical neoplasm which proved to be an en- 
dometriosis. 

M. L. Boyd, Atianta, Ga., disen-ssed an ulcer of the bladder which led to hy- 
dronephrosis and refused to respond to protracted conservative treatment. It was 
resected and found to bo inflammatory, presumably from infection with Streptococ- 
cus faecalis. 


C. r. Busche, Hollywood, Calif., reviewed two vesical neoplasms which on re- 
moval were seen to consist of deposits of amyloid in areas of chronic inflammation. 
Sucli solitary deposits liavo been found in otlier organs but cannot be explained 
satisfactorily. 

Leon Herman, Pliiladelpliia, discussed several unusual urological cases, chief 
among which were a scrotal metastasis from a carcinoma of the stomach and a tes- 
ticular metastasis from a carcinoma of tlie bladder. 


On May 31, the following 2)aper3 were presented: 


H. C. Bumpus, Jr., Pasadena, Calif., discussed the treatment of carcinoma of 
the prostate and concluded that transurethral resection of obstructing tissue gives 
the patient more comfort than any other single method. Symptomless carcinomas 
are best let alone; the radical operation, because of its limited applicability, the 
likelihood of distant metastases from a small primary, its high mortality, and difS- 
culties in accurate microscopic diagnosis, offers no advantages. 

W. P. Herbst, Jr., Washington, D. C., recounted his experience with estrogens 
in the treatment of prostatic carcinoma. Seven patients were treated, all with ap- 
parent benefit, especially in the relief of pain from metastases. Whether the bene- 
fit results from depi'ession of the anterior pituitary or of the testes is not known. 


C. M. Johnson and Frank Hinman, San Francisco, and J. M. Carr, Stockton, 
Calif., have abandoned the so-called radical orchidectomy because crossed lymphatic 
metastases defeat its purpose so frequently. Since 1936, they have subjected 44 
testicular neoplasms to simple orchidectomy followed by irradiation. All patients 
who had increased urinary prolans are dead, the longest survival being fifteen 
months. Twenty-three of 30 with normal prolans are living fifteen to seventy-two 
months. The Friedman (rabbit) test for prolans is too insensitive to be of value 
in testicular neoplasms. 


B. C. Graves, Boston, .and K. B. Lawrence, Wreutham, Mass., resorted to cas- 
tration and irradiation of a patient with bilateral testicular neoplasms and palpable 
abdominal metastases. Although the masses disappeared, the patient died in a few 
months. 


to 


IT J Heckel, Chicago, observed that alpha-estradiol (progynon) administered 
f ts with benign prostatic hypertrophy caused enlargement of the breasts, 

^ f. _ 4..-..-i4-aa ^ncTiirnfinn rlicn nnpn r!» nT»n flir 


degeneration 


of the testes (aspiration biopsy), disappearance of the seminal fluid. 


and impotence, but did not affect the size of the prostate nor its symptoms. 

■ e'er New York City, called attention to the value of the subarach- 
J 'absolute alcohol in controlling the pain of apparently hopeless 
noid injection or the disappearance of pain turned the tide in the patient’s 

cancer. In 3 ms > controlled by irradiation with seeming restoration 

favor, and the tumor was 
of normal health. 
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p PI -upmtPrt Comwownds m General Practice Bj Weslei W gpink 
Sulfanilamide and Belated Compown T>„i-,li.,heis Inc $3 

Ed I Pp 256 Chicago, lOfl, dear Book Pubinheis, inc to 

...V vplfomimule theiapi is the best published to date The 
Tins volume “ lustoucal leiiew , the subsequent chapters deal with the 

first chapter S'^s a ^ ^ „,tl, the diffcient sulfonamide compounds The 

mdicatious and results experience, h.s valuations are sound, his en 

author writes rora review of the pertinent literature critical and eoneive 

thusn.m a wo.kable mdex are appended Eieij doctor who 

trsh!.?To""lmve the”utes\ knowledge concerning sulfonamide tlieiapv should lead 
this book 


mrpotment of Cancer and Allied Diseases (3 volumes). B> Cxeoige T Pack 
^ Md Edumd M Linngston Ed 1 Pp 239S, with 1,500 illustrations Kew York, 
19tl, Paul B Hocbei, Inc $36 


ttitUout que-tiou, the-e are the bvt composite group of volumes published on 
mvivicemeut of’nnhgmnc) to date \ number of vears ago Zweifel and Pajr 
Tt a' a simiUi three volume work on the nialignancj problem Honeier, the present 
\lc v^ntten bj HI authors, largelj American, under the editorial supervision of 
aud Livingston, is i far superior collection of monographs, from the standpoint 
of\lie cUniciau A\ritten b) leaders in their respective fields, the'e books, covering 
svstematieall) the treatment of all bodv malignancies, present the best accomplish 
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Body Mechanics in Health and Disease. Bj J i; Goldthnait, L T Blown, 
L T Snaim, ,7 C Kuhns, iml W J Koii Ed 3 Pp 31(), with 121 lUustra 
tioiis Philadelphia, 1941, J B Lippiiicott Co ‘Jio. 

This lohiine is esseiitiallj a ..tudj ot cliioinc diseases associated with facultj 
body iiieLhaiiics Tlie authois ue iei,o,^iii/ed expeits in then fields of orthopedic 
siirgei.! 01 internal medicine, but it iiiai be questioned how acceptable some of 
the state, iients would be if lest, well known wiiteis had published this book Cer 
tail! st itenients no not onh ilIo»icil but ue licking in proof Foi instance, on 
page 101, could not "lest” done, and not “the collection of the faultj body 
mechanics" lia\c helped the heait failuie in the patient with eliiome valiular 
disease’ On page 10b, the desciiption of the type ot mdiiidinl with hypotension 
IS not statistically louhod Theie is too much aimchaii thinking m the discus 
Sion of anatomy and disc ises of the duodenum (page 141) and small intestine 
Most of the illustiatiie cases conceining the effect of postuie on ceitam wisceial 
distuibaiices impiessed tlie leiiewei as being incomplete and inconolusiie 

Thiougliout tlie liools, too much emphasis is pi iced on the role of body mechanics 
in the tieatinent of disease Jilay not faulty body mechanics be nioie often the 
lesult rathei than the cause of ceitam physical disordeis? 

Some considei ations conccimng coireetice and pie\ent,iti\e treatment of faulty 
postuie aic gncn An extensile bibliogiaphy and a workable index aie appended 
The binding and punting of the book aie excellent 


Tiaimng and Efficiency. An Experiment in Physical and Economic Rehabilitation 
By B Jokl, E 11 Cluiei, C Goediolk, and T W DeJongli Pp ISS Johan 
nesbiiig, Soutli Afiica, 1941, Tlie South Afiican Institute foi Medical Eesearch 


Oil the flyleif of tins book tlieie appeus a quotation which is not iiieiely tlie 
keynote oi the piesent book but which aKo lepiesents the fundamental orientation 
of tlie woik ot the Johaniiesbuig group Tlie quotation is fioiii Piofcssoi John 
Eyle’s opening addiess to the students of the Caiibiidge Medic il Faculty on Oct 
15, 1910 

“By one means oi another you iiuist deielop the social conscience, which Ins, 
the new of many of us, been too little endeiit in the years piecediiig the war 
Although theie haie alw lys been noble and not ible exceptions iii eiciy comiminitv 
lias seemed to me that medical students and doctois as a body, excusing them 
it las s^ giouiids of then many pieoccuti itions with the curriculum oi the 

feehes^onQ^ pin-tice, ha\c held tlieaisches too much aloof from tlie Iiiger social 
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THE ilEGHANISMS OP GASTRIC SECRETION® 

A. C. Ivy, Ph.D., Chicago, III. 

y HE problem of Gie i' o1 SZt 

are able to understand and to control '“'f “ " Or, 

,„ ntake an etiological diagnosis 

elysis. At least v problem j«st that way to 

continuous secretion. Di. Ji t P 

me some twelve years ago when I was ^ studvin- 

demic questions pertaining to gastric secretion which I was studying. 

Since that time we have made some progress. 

Tim slmct of the mechanisms of gastric, secretion is at present com- 
pl^ated because certain important questions cannot be answered. When 
these lestions are answered, the subject wiU be relatively simple and 
ct be outlined on one or two tjnewritten pages. Becaj^^e the subject 
trnoxo caniplicated, I suspect that portioxts of it cminot be understood 
L xmluiated xvithout careful study. There are portions of the 

subieet that are rather simple and clear. 

It will be noted that in the physiologic approach to this problem, 
the nhysiolomst must resort to the use of surgical methods, without the 
successful use of which progress in this field could not occur. 

It is best to approach this subject by outlining the periods and phases 
of n-astrie secretion. For the most part these are well established and 

recognized. 

c Starr Judd Lecture, presented on Jan. 15. 1941, at the University 
Minnesota Medical School, Minneapolis, Minn. 

Smith Davis Professor of Physiology and Pharmacolosj', Northwestern 
tlniSy Memcal School. Chicago, 111. 

Keceived for publication. July 2S. 1941, 

S61 


860 


SURGERY 


monts in the cancer probloni. Tiie surgical, as well as the irradiation aspects of treat- 
ment, are presented. A unique feature of the volumes, now to this reviewer, is a 
lepelativo discussion of tcclinical procedures by authors, employing somewliat dis- 
similar approaches to tlie same problem. For instance, in Volume H, the reader, in- 
terested in informing himself on the best current opinion on tlie surgical treatment 
of cancer of the rectum, will find ciiapters u'ritten by such men as Jones, Bankin, 
Lahey, Babcock and others, oacli detailing tlie features of his particular operation. 

These volumes constitute a real addition to tlie literature of the treatment of 
malignancy and will be found eminently useful and practical by radiologists and 
surgeons alike. 


Field Surgery in Total War. By Douglas W. Jolly. Ed. 1. Pp. 2i2, with 32 

illustrations. New York, 19J1, Paul B. Hoober, Inc. $3.50. 

Tlie special feature of this book, which particularly recommends it, is that it is 
written by a surgeon just fresli from an active surgical service in war; viz., the 
recent Spanish Eevolutiou. The first section of the book deals with organization and 
tactical disposition of surgical units in the field. The author is an ardent supporter 
of the ' ' three point forward system. ’ ’ This scheme embraces a casualty classification 
post for the proper division of cases; a No. 1 Hospital for the most urgent cases, 
and a No. 2 Hospital for the less urgent cases witli sector evacuation and Base Hos- 
pitals in the rear. 

Tile subject matter of surgical treatment of war wounds of the various parts of 
the body is treated in an orthodox fashion. The chief weakness of the book lies in 
the failure to mention or discuss the types of injury inflicted by the various imple- 
ments of ivar. Certainly such a discussion might reasonably be expected to be found 
in such a text. Similarlj-, additional illustrations would augment the value of the 
text Witliin the space of 210 pages, the autlior has succeeded in compressing a 
large broad personal experience with war wounds. It is a worth-while manual for 
surgeons, interested in the casualties of war, to study. 
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“psychic” secretion of Pavlov), which are dependent on the integrity 
of the cerebrum, and by (B) unconditional reflexes, which are not de- 
pendent on the cerebrum. An unconditional reflex stimulation of gas- 
trie secretion is analogous to the unconditional secretion of saliva when 
acid is placed in the mouth. The conditional reflex stimulation of 
gastric secretion is analogous to the conditional secretion of saliva when 
a bell is rung, or when one thinks of food or sees food. Zelionj*® has 
reported that decorticated dogs do not secrete in response to the sight 
and smell of food, but do respond when they are “sham fed.” “Sham 
feeding” consists of feeding an animal with an esophagostomy, the 
masticated and swallowed food does not enter the stomach. 

The vagi contain the excitatory nerves for the cephalic phase of gas- 
tric secretion; they also contain inhibitory nerves. The splanchnic 
nerves gastric secretion. They do not conduct any of the nerve impulses 
responsible for secretion in sham feeding. They may, however, conduct 
impulses which stimulate secretion under other conditions, though this 
has not been demonstrated. 

Table I 


AiiouxTs OF Juice for Each phase 



DOG ] 

1 WAX 

FEKIOD OB PHASE 

XORiUb 

(ac.) 

ABNORMAL 
! (C.C.) 

[ NORMAL 

(ac.) 


Continuous 

i 0.5-4/lu. 

lO-BOAr. 

30-60Ar. 

100-360Ar. 

1. Cepliaiic 

10-75/20 min. 

500-700 in 4-6 

50-150/20 min. 

? 

2. Gastric phase 

100-250/5 hr. ! 

i 

225-350/3 hr. i 

9 

ileehanieal 

20-50/30 min.' 

7 i 

i i 

? 

Seeretagogues 

20-10/30 min. 

? ! 

7 I 

? 

Liver extract 

B. Intestinal phase 

200-300/12 hr. 

600-650/24 lir.t 

225-350/5 hr.? I 



♦Sham feedmff for 4 to $ hours, exceptional cases. Maximum rate of secretion 1 
ha\e observed m man is 11 c-c per minute, ifaximurn rate of secretion l have 
observed in dogs is 4 c.c. per minute. 


tfyiorus blocked and feeding Ma duodenal fistula (Webster and Armour). We 
have obtained from 500 up to 1.500 c.c. of juice in 2-4 hours from enterectomlzed doe*? 
with s:astnc catheter and 400 c.c. Ringer s solution &\^ry 6 hours. Atropine markedlV 
reduced (about two-thirds) the volume or secretion. Operations m the upper abdomen 
stimulate gastric s^*cretion; why. is unknown We believe it is a “traumatic secretion" 
due to absorption of secretagogues, such as histamine. It does not take much hista- 
mine to stimulate gastric secretion . much more is required to produce shock a con- 
dition in which secretioTv of acid does not occur. * 

The amount of juice (Table I) resulting from the cephalic phase is 
subject to considerable variation in the same subject. This phase is 
prevented by atropine as well as by section of the vagi. 

Some surgeons, when performing a partial gastrectomy for peptic 
ulcer, have sectioned one or both vagus nerves to annul the cephalic 
phase of gastric secretion. The value of the procedure in the treatment 
of ulcer is mooted.^- ” The procedure will, if the vagi are completedly 
sectioned, annul the cephalic phase and reduce the total secretion of 
gastric juice in response to a meal. The efficacy of the vagotomy in 
the therapy of ulcer wiU depend on the extents to which the cephalic 
phase contributed to the patient’s total gastric secretion, to which the 
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PERIODS AND PHASES OP GASTRIC SECRETION 

Gastric secretion may be divided into tivo periods; 

Period I. The Period of Interdigestive or Continuous Secretion . — 
This is the secretion that occurs in the absence of food from the stom- 
ach.^ Its amount and acidity vary. It is present in variable amounts 
tlwoughont a fast of forty days.' Its existence was not recognized by 
Pavlov'’ because he thought the resting or empty stomach does not 
secrete acid, and that if acid is present, it is due to the thought of food. 
Yet, unless one recognizes that the empty stomach does secrete aeid at 
periods, one will erroneously interpret the occurrence of a “spontane- 
ous” secretion after the introduction of an experimental procedure as 
evidence of stimulation. 

In experimental work on man and animal the continuous secretion 
should be collected for a period before any procedure is introduced, 
and the fact should be kept in mind that a small increase or decrease 
may be spontaneous. It is also important under certain conditions to 
observe the recovery of the secretory mechanism of the stomach after 
it has been stimulated. Sometimes after the stomach has emptied, it 
continues to secrete abnormal amounts of acid. 


Some patients, particularly those with a duodenal ulcer, manifest a 
“hypernormal continuous secretion”; i.e., their stomachs continue to 
secrete a copious quantit}’- of acid juice after they have emptied.'* Al- 
though the volume of the secretion may be reduced by a relatively large 
dose of atropine, the secretion is not abolished as is the normal con- 
tinuous secretion.*"* This suggests that in such patients some abnormal 
process is concerned, or that some process which plays a minor role 
in the normal state has been activated. It is possible that histamine 
is being produced excessively by an irritated mucosa, since the secretory 
response to the ordinary doses of histamine used is not prevented by 
ordinary doses of atropine® (for atropine action, vide infra,). 

The nature of the stimuli which give rise to the continuous secretion 
of gastric juice is uncertain. The solution of the problem awaits a com- 
plete knowledge of the factors concerned in the secretory response of 
the stomach to a meal. 

Period II. The Period of Digestive Secretion. — This is the secretion 
that occurs in response to a meal. For clarity and simplicity, this 
riod is divided into three phases, the cephalic, the gastile, and the 
^*^testinal “ Each phase is named to denote the region in which the 

optino- to cause secretion. This assists in the analysis of the 
stimuli are aeuiio 


subject. 

- rvpH\r-ic Phase. This phase denotes that tiie stimuli 

the region ottho head. 

are acting ni sight, smell, taste, and thoughP^ of food and act 

The stiniiili are through (A) condilional reflexes (the 

the presence of m 
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Secntaf/ogxiet, are naturally present in meat juice and certain other 
foods. Their presence can be demonstrated by perfusing meat juice 
through a pouch of the entire stomach with the vagi sectioned (Fig. 1). 
By this means any substance can be tested for ‘ ‘ gastric seeretagogues. ’ ’ 
We never use more than 50 e.e, of an acpieous solution of the substance 
in order to avoid stimulation by distention. For example, if the stom- 
ach is distended with 150 to 300 e.c. of water, it will secrete, but not if 
50 c.e. of water is continually perfused through the stomach. A solu- 
tion of egg white perfused through the stomach does not stimulate; 
but if the egg white is digested with HCl-pepsin, and then perfused, 
stimulation occurs. If the perfusion is continued for one-half hour, 
as in our tests for seeretagogues, the stomach secretes during that period 
and continues to secrete above the control level for 1.5 hours and some- 
times longer. Alcohol, 2 to 7 per cent, and histamine, 10 to 25 mg. 
in 50 e.e. of water’, perfused through the stomach stimulates the secre- 
tion of acid. 



Fig. 1. — A pouch of the entire stomach All the vagus branches arc sectinncii 
the possible exception of one that leaves the right vagus and passes to the 
ganglion. Ho\ve\er, such a pouch does not manifest a "pajchic secreOon " Secre'i'nS 
of such a pouch can be inhibited via the splanchnic nerves there^is no evid^cJ^tho't 
stimulation of acid production can occur via the splanchnic nerves 
the pouch and perfusion with meat and liver extract and other solutions containing 
seeretagogues stimulates aCid production. ** '-oiuaming 


Phase 3. The Intestinal Phase. This phase denotes that the stim- 
uli are acting in the intestine. 


(A) Seeretagogues, or chemical substances, are the only type of stimuli 
which stimulate gastric secretion on application to the intestine 
Mild distention has no effect. Undue distention or ir-ritation of the 
intestine at first inhibits gastric secretion, I believe, reflexly If ininrv 
to the mucosa is produced, stimulation may result from ‘the absorntW 
of seeretagogues, possibly histamine, produced locaUj absorption 
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vaiious branches of the vagi have been sectioned, and to which com- 
pensatory changes occur after vagotomy. It should bo remembered 
that vagotomy causes other changes than an annulment of the cephalic 
phase of gastric secretion. Since vagotomy should decrease the total 
secretion of acid to a meal, it should have a favorable effect in preveiit- 
ing postoperative jejunal ulcer. However, vagotomy would have no 
effect on a secretion due to the production of histamine by an irritated 
gastric or intestinal mucosa, the likelihood of the occurrence of which 
Avould be diminished as the result of a decrease in the total production 
of acid in response to a meal. The section of the vagi decreases the 
tone of the gastric musculature at least temporarily, and retards per- 
manently the rate at which solid or thick pasty foods are evacuated 
from the stomach, (a) This might tend to increase the gastric phase 
of secretion, (b) In addition, the vagotomy would prevent “acid in- 
hibition” of the gastric phase from the intestine from occurring, at 
least to a large extent, and these two factors, (a) and (b), may com- 
pensate for the abolition of the cephalic phase and negate the advantage 
gained by the vagotomy. Further, if the vagi contain vasodilator nerves 
which oppose the vasoconstrictor nerves in the splanehnics, then va- 
gotomy might favor a decrease in the blood supply of the gastric and 
intestinal mucosa. Thus, the physiologist is not surprised that the 
procedure of vagotomy in operations for ulcer is mooted. It is one of 
those biologic questions in which so many positive and negative factors 
may be concerned that the answer cannot be predicted. The question 
can only be answered by the study of clinical results and by the effect 
of vagotomy in animals that develop ulcer, such as Mann-Williamson 
dogs (gastrojejunostomy ■with the allcaline digestive juices diverted to 
the ileum) . 


Phase 2. The Gastric Phase. This denotes that the stimuli are 
acting in the stomach. 

Two types of stimulating agents applied to the stomach excite the 
parietal cells to secrete. They are: (A) mechanical distention and 
(B) secretogogues, or chemical substances of which there are two types: 
(1) those which are naturally present in food, e.g., lean meat, liver, and 
milli whey; and (2) those which arise from the digestion of food, sucli 
as split-protein products and possibly fatty acids. 

Mechanical distention is the only adequate type of meclianical stimu- 
lus loiown. Rubbing the mucosa with a glass i-od, a feather, or sand 
not stimulate the secretion of acid.'’ Beaumont observed secretion 
• j-g distention, as did Pavlov. Pavlov attributed it to a 

in resp the dog thought food was being placed into his 

‘‘psycnc Pj^yIov did not cut the vagi to ascertain whether his 
stomach. correct. Distention of the stomach with the vagi 

interprets i „oKtric secretion and hence the secretion cannot 

Motioned Fi". D- 

be ‘-psycMe" >n ""S'" 
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partial ohstructim of the pylorus should increase gastric secretion 
by prolonging the gastric pliase. Whether such actually occurs will 
depend on the extent to which the obstruction excites mechanisms which 
inhibit secretion, such as reflex inhibition via the splanchnies or vagi, 
acid inhibition from acid in the stomach, and gastritis. The results of 
controlled experments show that partial pyloric obstruction increases 
gastric secretion in some animals.^' It should, and usually does, inci’ease 
the average acidity of the gastric contents (hypernormal acidity), be- 
cause of the pax'tial retention in the stomach of the acid secreted. 

Resection of the pyloric portion of the stomach, although the pyloric 
mucosa does not secrete acid and pepsin, decreases the gastric phase of 
secretion.'®’ The pyloric portion of the stomach normally contributes 
to the gastric pliase by increasing the effectiveness of seeretagogues and 
distention (vide infra) When the pyloric portion is excised, the 
remainder of the stomach secretes less acid when a secretagogue solution 
is applied. With the pyloric pox'tion excised and the vagi sectioned 
above the diaphi’agni, veiy little seei’etion occurs when seeretagogues 
are applied.^® Thus, section of the vagi would abolish the cephalic 
phase and excision of the pyloric portion of the stomach would reduce 
the gastric phase. In such a stomach tlie secretion of acid in x’esponse 
to a meal would result chiefly from food acting in tlie intestine, or the 
intestinal phase; the amount of secretion should be markedly reduced 
unless the gastric remnant undei’goes hypertrophy and hyperplasia, or 
the jejunal mucosa becomes irritated and produces histamine. If such 
a stomach empties rapidly, then much of the gastric juice formed fx’om 
the intestinal phase would be buffered and neutralized only by the 
pancreatic juice, and bile and succus entericus. (An enteroenterostomy 
of the ascending and descending loops of jejunum, or an en Y or Roux 
operation by shunting the bile and pancreatic juice away from the 
gastroentex’ostomy px-edisposes to jejunal ulcer.) 

Gastroenterostomy should affect only the gastide phase, provided it 
facilitates gastric evacuation. If the jejunum is overdistended by the 
food, then some reflex inhibition of secretion should occur. When per- 
foi’med for adequate reasons, it gives relief because (a) it tends to 
provide mox’e “rest” to the uleei’ated area, (b) the additional gastric 
orifice tends to diminish inti-agastidc tension, (e) the avei’age acidity 
of the contents tends to be diminished. The acidity of the gastric 
contents is diminished as a result (a) of improved gasti'ie evacuation 
which decreases the gastric pliase, (b) of improved enterogastric re- 
gurgitation, and (c) probably of secretory inhibitoiy reflexes from the 
jejunum. The operotion fails chiefly because the jejunum is more 
sensitive to acid irritation than the duodenum and the gasti’ie secretoi’y 
mechanisms of the patient are too sensitive or “keyed at a high level,” 
so the buffering and neutralizing action of the alkaline juices is not 
adequate to offset the susceptibility of the jejunal mucosa. The opei'a- 
tion apparently yields better results in middle-aged and older patients, 
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Secietagogues wliieli act in the stomach also act in tiie intestine. 
Numerous other substances** applied to the intestine stimulate gastric 
secretion; for example, soaps, fatty acids, and peptone. Whether soaps 
are normally present in suf/ieient concentration to stimulate is conjec- 
tural. Neutral fat in the intestine inhibits gastric secretion (enterogas- 
trone production). According to Shay and his associates,** sodium 
oleate (15 per cent) or soap depresses gastric secretion, which depres- 
sion, as in the ease of that due to olive oil and 40 per cent glucose, 
disappears after from 1.5 to 2.5 hours; then the secretion returns to 
normal or may go abov*e the normal, as is also observed after suppres- 
sion of secretion with atropine. This action of fat is one reason why, 
after the patient with ulcer has received millc and cream on the hour 
during the day, it is frequently nccessaiy to do a "therapeutic aspira- 
tion” of the stomach at 11:00 pm. to 2:00 a . m . That is, after the in- 
hibition due to fat is over, the gastric secretion returns to a high rate. 
Another reason is that tJie administered alkali is absorbed as such and 
as NaCl along with watei*, and augments secretion as when Binger’s 
or Locke’s solution is given fay elysis. A possibility that should receive 
some consideration in explaining the stimulation of gastric secretion by 
alkalies is that the alkali in the intestine counteracts the “acid inhibi- 
tion” of gastric secretion from the intestine (vide infra)-, this is en- 
tirely conjectural. 

What Amount of Juice Is Produced as a Result of the Stimuli Acting 
in Each Phase? — ^A definite answer to this question cannot be given. 
Estimates are given in Table I. Eog: Those for the dog are fairly re- 
liable and are based chiefly on my own observations. J/an; Those for 
man on the continuoiTS and cephalic secretion are based on my observa- 
tions. Those for the gastric phase represent a guess. Those for the 
intestinal phase are based on Garbat's observations on duodenal feeding 
in ulcer patients. They may be abnormal. 

A Consideratio-u of Some Abnormal CoJiditions. — In the note under 


Table I, it is pointed out that operations in the upper abdomen are 
likely to cause a "hypercontinuous secretion.” This we have observed 
many times. For example, after maldug a Pavlov pouch, the pouch 
may "hypersecrete” for a few days up to two weeks. It may occur 
after making a pouch of the entire stomach, especially if saline solution 
■ ffjven ** It is shown especially after total entereetomy in dogs, and 
it is most likely to occur when Einger’s or Locke’s solution is given by 
• 15 Some have seen it after converting a Pavlov pouch into a 
hain pouch which sections the vagal innervation of the pouch, 
fnd have cafied it a "paralytic secretion.’^ Several years ago. we- 
anu uu- ^ “peptic nicer w'ouJd enlarge after e.vposiiig it 

demonstra e ^ the postoperative hypersecretion was buffered 

for photograph > ^ “jiypereontinuous” secretion docs not always 

by frequent feeamgs. decreases, but does not abolish it,- 

occur; however, atvopui 
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administration of fatty chyle, soap, and properly emulsified fat does 
not. A highly puifified extract of duodenal mucosa has been pre- 
pared whicii inhibits gastric secretion and motility when injected par- 
enterally.-® In man the inhibition caused by the introduction of 40 
e.c. of olive oil into the duodenum lasts for from 1.5 to 2.5 hours.^® 
Acid Inhibition . — This expression is used to indicate that the pres- 
ence of acid (0.2 to 0.4 per cent) in the stomach or intestine inhibits 
gastric secretion. Whether or not acid inhibition occurs depends on the 
nature and potency of the secretory stimulus. Thus, inhibition by acid 
is not observed under all conditions. Acid (0,36 per cent) in the stom- 
ach inhibits the action of seeretagogues in the stomach (intragastrie 
chemical phase), but not that of seex’etagogues in the intestine. Acid 
in the intestine inliibits the action of seci’etagogues in the stomach and 
in the intestine. When the secretoi'y stimulus is strong, then acid in 
the intestine is less likely to inhibit, if at all. For example, when secre- 
tagogues are acting in the stomach and intestine simultaneously, acid 
in the intestine does not definitely inhibit. When gastric secretion is 
excited by histamine, acid in the intestine does not inhibit. The cephalic 
phase of gasti’ic secretion is refractory to the inhibitory action of acid 
in the stomach or duodenum.-*’ 

In view of the foregoing qualifications of acid inhibition of gastric 
secretion reported by WilheImjV® and Babkin V® laboratories, it 
is not surprising that the literature on acid inliibition is apparently 
contradictory. Some have observed it in man and others have not.-~-^* 
In the dog we®’ found the effect of the introduction of acid into the 
duodenum to be uncertain.®' To complicate the picture further, the 
continuous perfusion of acid (0.36 per cent) through a Thiiy fistula 
of the duodenum and jejunum will usually after a latent period of 
about forty-five minutes cause a stimulation of gastric secretion.'- This 
stimulation occurs after the mucosa has been injured with the acid. 
The feeding of a meal after such an experiment sometimes results in a 
hypernormal secretoiy response of a Pardov pouch. Eepeated daily per- 
fusion of the TMry fistula with acid for a period may cause a hypez-- 
normal continuous secretion.'® It is possible that iz-ritation of the in- 
testinal mucosa with acid or any other agent releases histamine, or a 
histamine-like substance, as does iri-itation of the skin. This has to be 
considered in the interpretation of the secondai’y rise of gastric secre- 
tion when substances, such as 15 per cent sodium oleate, etc., are intro- 
duced into the intestine of man.'® 

Summarizing, a primary inhibition of gastric secretion from the in- 
testine may occur as the result of enterogastrone liberation, reflex in- 
hibition. or in the case of injury, the absorption of nonspecific in- 
hibitoiy substances. A subsequent return of gastric secretion mav be 
the result of escape of the stomach from inhibition due to the neutraliza 
tion or disappearance of the inhibitory stimulating agent, or in the pres 
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particularly in the presence of some pyloric stenosis due to an old ulcer, 
than in younger patients, probably because of the declining gastric 
secretion due to age and the atrophic changes in the gastric mucosa 
associated with prolonged stenosis. The operation of pyloric occlusion 
with gastroenterostomy, which was designed to be applied to the younger 
group of patients aird to simulate the anatomic condition of p 3 doric 
stenosis in the middle-aged, considered inadequately the phj’’siologie fac- 
tors concerned in gastric secretion, the regulation of gastric acidity and 
tlie susceptibilitj'- of the jejunal mucosa to acid-pepsin irritation. (A 
pyloric stump that cannot drain well is subject to mechanical factors 
which may cause distress.) 

The important role that the alkaline juices play in the presence of a 
gastrojejunostomj' is demonstrated by the Mann-Williamson dog, which 
develops a jejunal ulcer in almost 100 per cent of cases. In this opera- 
tion the alkaline juices, except the loeallj' produced succus entericus, 
are diverted to the lower ileum, so the acid ehj'me irritates the jejunal 
mucosa. The gastric acidity curve in response to a meal does not show 
the normal terminal decrease and the stomach continues to 

secret for a longer period than normallj'. The gastric phase of secretion 
is probably increased due to tlie increased emptying time and in some 
animals the intestinal phase appears to be definitely prolonged. The 
volume of secretion is reduced, but not abolished by atropine, which 
suggests that the irritated mucosa is producing histamine.® 



jrjE- •> An autotransplant of the acid-secreting portion of the stomach made by the 

pedicle graft method. The pouch secretes when the animal is fed a. meal, this is 
the crucial proof of the existence of a humoral mechanism for gastric secretion. 


INHIBITION OF GASTEIC SECRETION 


Nervous and humoral mechanisms are concerned in the inhibition of 
"■astric secretion. N'erves: The splanchnic nerves and the vagi contain 
inhibitory fibers for gastric secretion, so mental states may inhibit secre- 
tion Distention of the intestine inhibits secretion probably reflexly. 

.fjfjn^trone. Fat or concentrated sugar solution (10 per cent 

i introduced into the intestine inhibits gastric secretion. That 
or above; paused by fut is due to a chalone referred to as enlero- 
the inhibi ion established. For example, the introduction of olive 
gastrone is c ea jutcstine of a dog with an autotransplanted pouch 
oil or cream m o „„„,.etion of the pouch; whereas, tiie intravenous 
(Fii 2) set^c 
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Does a Humoral Mechanism for Gastric Secretion Exist? — ^This ques- 
tion can be stated more simply as follows: When we eat a meal, does 
some agent entei- the blood and cause the gastric glands to secrete? 

This question can be answered affiimatively. When a meal not con- 
taining too much fat is fed, an autotransplanted pouch secretes (Fig. 2). 
This shows that a humoral meehanism is in part concerned in the gastric 
secretory response to a meal.^^ This observation also provides us with a 
method by which we can ascertain how various stimulating agents ap- 
plied to the stomacli or intestine stimulate gastric secretion. 

The fact that an autotransplanted pouch secretes tells us nothing 
regarding the nature of the liumoral agent. 

What Is the Nature of the Humoral Agent? — The humoral agent 
(a) may be histamine; (b) may be a gastrin or a hormone different 
from histamine, or histamine-like; (c) may be secretagognes absorbed 
from the food in the stomach and intestine. 

We have sought to answer this question by biochemical and physio- 
logic methods. We first started out to identify the principle or the 
gastrin in acid e.Ytracts of pyloric mucosa. 


A. IsoLATiox OF Histasiixe From Acid Extracts op Pyloric Mu- 
cosa. — Edkins and others showed that the subcutaneous injection of 
acid extracts of pyloric mucosa would stimulate gastric secretion. He 
called the active principle gastrin. He proposed a theoiy which main- 
tained that the contact of food and acid with the pyloric mucosa caused 
a hormone, gastrin, to be formed, -which was carried by the blood to the 
parietal cells. It -was soon shown that a gastrin was present in extracts 
of fundie mucosa and of nmuerous other tissues. Since those tissue 
extracts which stimulated gastric secretion also depressed blood pressure 
like histamine, many believed that Edkins’ gastrin was histamine, or a 
histamine-like substance. 

Following the lead of Luekbardt, Koch, and Keeton, we undertook 
to isolate and identify the active principle. We^^ made the following 
observations. Acid extracts of the pyloric mucosa contain a substance 
which stimulates gastric seei'etion when given subcutaneously or intra- 
muscularly. These extracts given intravenously rapidly depi-ess blood 
pressure like histamine. The activity of the extracts is destroyed by 
histaminase. Histamine was isolated from such extracts as a erj'stailine 
sulfate and picrate. The secretorj' and vasodepressor activities ex- 
pressed as a ratio, found in the original extract, remained relatively 
constant in all fractions including the final step of crystallization. This 
evidence showed that Edkins’ gastmi is histamine. However the evi- 
dence does not warrant the conclusion that histamine is the gakric hor- 
mone. All that can be deduced is: either histamine is the gastric hor- 
mone, or there is no gastric hormone, or the true gastz'ic hormone has 
not been extracted from gastric mucosa. 


McIntosh^'- has studied the amount of histamine in the blood before 
and alter feeding. He could not find a significant increase in blood 
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ence of irritation it may be due to the production of a histamine-like 
substance, which may give rise to a hypernormal response to a meal or 
to a hypercontinuous secretion. 


THEORETICAL OUTLINE AND EVIDENCE REGjVRDING HOW PARIETAL CELLS 
MAY BE STIMULATED TO SECRETE BY V^VRIOUS STIJIULI 


The older literature on this subject has been reviewed by Bab- 
kin^"’ and by me.^^ Since then some progress has been made. The 
newer evidence will be presented with the pertinent older evidence in 
outline form with an attempt to distinguish between the known and 
unknown features of the problem. 

1. Extrinsic nerves, as for example the secretoiy nerves in the vagi. 
The nerve impulses conducted bj' these nerves (a) may exert a direct 
secretory influence on tlie cell bj' releasuig at their nerve endings acetjd 
choline or histamine, or by deplorization associated with the action po- 
tential which is associated with the “nerve impulse’'; (b) may stimulate 
by causing vasodilation or a favorable vascular reaction for secretion; 
(c) may cause the production of a specific hormone, or a gastrin. 

“Sham feeding,” it is well known, does not cause a Heidenliain pouch 
(a pouch devoid of vagal innervation) to secrete. Hence, if the vagal 
secretory nerves stimulate the parietal cells b}' releasing a substance as 
postulated in h and o above, the substance acts only locally and does 
not pass into the circulation. Of the various possibilities, the local re- 
lease of acetyl choline is most probable according to existing infonna- 
tion. 

2. Mechanical distention, as in the gastric phase. Mechanical disten- 
tion may stimulate (a) by causing vasodilation and increased motility 
directly or through intrinsic nerves; (b) by stimulating intrinsic secre- 
tory nerves which release aeet 3 d choline or histamine or excite the cells 
by the action potential; (c) by direct mechanical stimulation; (d) by 
producing a specific hormone, gastrin; or (e) by releasing histamme as 
the result of mechanical stimulation, since rubbing the skin may cause 


vasodilation bj^ the alleged production of a histamine-like substance. 

Evidence udll be presented later which indicates that mechanical stim- 
ulation acts onl}’^ loealljL That is, mechanical stimulation of the main 


stomach does not cause a transplanted pouch to secrete. 

3 Secretogogues or chemical substances, as in the gastric and intes- 
tinal phases. Secretagogues may stimulate (a) by being absorbed into 
the blood- (b) bj' producing a hormone, gastrin; (e) bj' stimulating 
■ ‘e secretoiw nerves, as in mechanical distention; (d) or, as in the 
f the stomach, bj* direct chemical contact with the parietal cell 
M local absorption or diflusioii; (e) or, by causing vasodilation, 
throng 1 0 ‘ how secretagogues act will be given later. 

Evidence o ..nalvsis such as this has to be made before a prob- 
A hj'poi^^® ‘ , experimentalli'. Such an analysts is fi-eipientl.v 
leni can be at ac ^ Aefieienev in existing knowledge, 
incomplete because of a dc . 
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This evidence, it may be argued, indicates the existence of a hor- 
mone mechanism for gastric secretion. Since secretagogues applied to 
the intestine or stomach cause a transplanted gastric pouch to secrete, 
seei'etoiy nerves are ruled out. Since 100 mg. of the liver extract 
applied to the stomach stimulated secretion and 400 mg. intravenously 
were required to stimulate, it is obvious that the 100 rag, applied to the 
stomach did not stimulate by being absorbed into the blood. Hence, 
it may be deduced that secretagogues applied to the stomach stimulate 
a transplanted pouch by causing the elaboration of a hormone. Such 
a deduction cannot be unequivocallj'^ accepted. The crucial experiment 
would be to use a dog with both a transplanted pouch and a pouch of 
the entire stomach, and then to apply to the latter an amount of “puri- 
fied” secretagogues that would stimulate the transplant but would not 
stimulate the transplant when given slowly intravenously {vide infra). 


TWO POUCH DOG 




Piff. I. — Analysis of the action of secretasogaies when applied to the gastric 
mucosa. When liver extract is applied to the main pouch (PJ.S.P.), the transplanted 
pouch (T.P.) secretes. 

Site of Origin of the Unmoral Agent . — It is cleai’ that a humoral 
mechanism for gastric secretion exists, because on feeding a dog mth 
a transplanted poueli, the transplant secretes. This does not tell us 
whether the luimoral agent comes from the stomach, or from the in- 
testine. 

The only way this question can be answered is to use a dog with a 
pouch of the entire stomach and with an autotransplanted pouch, or a 
“two-pouch” dog (Pig. 4). Then it would be possible to stimulate the 
stomach or the intestine and ascertain whether the transplant secretes. 
Secretion by the pouch can only be due to a humoral agent. (These 
studies*® were made recently in our laboratoiy by Dr. R. A. Gregoiy.) 
The observations to date may be summarized as follows: (1) A humoral 
meehani.sm is involved in the action of secretagogues in the stomach 
Perfusion of the entire stomach pouch (Pig. 4) causes the transplant 
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histamine after feeding. Neither did he find a significant increase in 
Wood histamine after injecting 1 mg. subcutaneously. Thus, the parietal 
cells are more sensitive to histamine than the method for measuring 
the liistamine in the blood. Histamine could be the humoral agent, 
because when it is injected veiy slowly intravenously it stimulates gas- 
tric secretion without causing vasodilation or a fall in blood pressure.^^ 
Since atropine (1 mg.) during the period of its maximum effect abol- 
ishes the secretory response to a meal m the dog, it is necessaiy to 
conclude that if histamine is a normal humoral agent atropine must 
prevent it from being formed.^’^® 

B. Can Secretagogues on Being Absorbed Into the Blood Be the 
Humoral Agent ? — Not being able to ascertain whether histamine is the 
humoral agent, we decided to ascertain whether secretagogues on enter- 
ing the blood might be the humoral agent. 



3 . — ^Analysis of stimulation of gastric secretion by secretaeogues ; 100 mg. ot 
secretagogues applied to the stomach. S caused secretion; whereas. 100 mg. intrave- 
nously (V) was required. Liver extract introduced into Oie intestine (/; caused tlie 
pouch to secrete. 


We’® found tliat Lilly’s preparation (No. 343) of the antipernicious 
anemia fraction of liver contained about 70 per cent of tJie secretagogues 
in liver. We freed this extract of vasodepressor material and injected 
it slowly intravenously. Gastric secretion was stimulated. This showed 
that secretagogues could stimulate if they should he absorbed as such 
from the intestine and stomach. We could not prove by chemical meth- 
^ds that secretagogues were absorbed from the stomach and intestine. 

, TM- we made a “purified” preparation of secretagogues from 
liowev found that 400 mg. of this extract were refiuired to 

liver ex ra • intravenously and only 100 mg. were required 

stimulate w stomach (Pig. 3). Tiii.s result, which has been 

when apphen gliows that sccrelayoyues applied to the gastric 

recently confirrne , secretagogues injected intravenously, 

iiuicosa are moie p 
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eifect of local procaine anesthesia on the elicitation of the humoral 
mechanism was studied.^® 

A 5 per cent solution (50 c.c.) of procaine was perfused through the 
main stomach for fifteen to thirty minutes and then distention or 
seeretagogue was applied. Procaine was also applied to the transplant, 
it having been found that procaine (25 e.e. of 5 per cent solution) in- 
jected subcutaneously had no effect on gastric secretion. Some of the 
results are shown in Table II. The results may he summarized as fol- 

Table II 


Secretion of Transplant Gastric Poucn on Perfusion op Pouch of Entire 

Stoiiacu for 0.5 HR.* 



NO. OP 
EXPER- 
MENTS 

.main POUCHt 1 

' TRANSPLANTf 

PROCEDURE 1 

VOL, 
1.5 HR. 

FA 

MG. 

HCl 

j TA 
! MG. 
IICl 

VOL., 
1.5 HU. 

FzV 

MG. 

HCl 

TA 

MG. 

HCl 

Perfusion M. St. with E. B., with 
No procaine 

22 

9.3 

9.2 

36.2 

2.0 

2.0 

3.0 

Procaine to M. St. 

12 

3.5 

0 

12.7 

1.3 

0 

0.7 

Procaine to Tr. 

10 

5.5 

4.7 

24.6 

1.9 

1.6 1 

2.3 

Meal, mixed 

i 

22.8 

BSI 

32.9 

6.9 

Kiai 

6.3 

Liver extract, 8 gm. No. 313 

2 

12.3 


14.6 

4.3 


3.7 

Meal (Procaine M. St.) 

3 

19.8 


26.5 

5.0 

2.7 

3.7 

Liver extract M. St. 

2 

14.3 

16.3 

23.7 

4.4 

1.8 

3.3 

Distention (M. St.) 

10 

11.4 

13.9 

23.2 


0 

■iCTi 

Distention + procaine 

6 

5.8 

0 

7.1 

1.4 

0 

[ 1.1 

Perfusion 25 mg. histamine 

6 

6.4 

42 

55 

2.4 

wsm 

5.7 

Perfusion + procaine 

3 



41 

3.3 

5.6 

7.4 

Perfusion 2% alcohol 

4 

K!S 


36 

3.0 

5.3 

6.0 

Perfusion + procaine 

5 

1 11.5 

1 38 

50 

4.3 1 

5.5 

8.2 


♦Procaine 50 c.c. of 5 per cent solution for 15 to .30 minutes; 25 c.c. of 5 per cent 
procaine subcutaneously has no effect on response of pouch to perfusion. 
tX#. B. Liver extracts. -V. SL Main stomach. Tr. Transplant. 
tThe pouches were secreting no free acid when tlie experiments were performed. 

lows: (1) Procaine applied to the pouch of the entire stomach abolishes 
the response to distention and secretagogues. (2) Procaine applied to 
the pouch of the entire stomach prevents the transplant from secreting 
in response to secretagogues applied to the former. (3) The procainized 
transplant secretes when secretagogues are applied to the entire stomach 
pouch or to the intestine, or when a meal is fed. (4) Procaine applied 
to the entire stomach pouch does not prevent stimulation of both pouches 
on the application of histamine (10 to 25 mg. in 50 c.c. of water) or 
alcohol (50 e.e. of 2 to 7 per cent) to the pouch of the entire stomach. 

Indirect evidence strongly indicates that alcohol stimulates gastric 
secretion by causing the liheratiou of histamine.-*' If histamine is the 
gastric hormone, then alcohol aet.s on a different point in the gastric 
secretory mechanism than secretagogues. 

The procaine evidence shows: (a) that procaine does not act on the 
parietal cells (see 3 above); (b) that procaine probably does not act 
by preventing the absorption of secretagogues, since it is practically de- 
void of vascular action; (e) and that procaine most likely acts by block- 
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to secrete (4 dogs, numerous experiments). (2) A humoral mechanism 
is involved in the action of secretagogues in the intestine. On feeding 
the animal, which has an esophagoduodenal anastomosis (Fig. 5), the 
transplant secretes (4 dogs, numerous experiment). Application of 
liver extract to a Thiry tistula of the intestine (Fig. 5) causes the trans- 
plant to secrete (1 dog, 7 experiments). (3) A humoral mechanism 
is 7wt hivolved, in the action of mechanical distention. Distention of the 
main stomach (Fig. 5) does wot cause the transplant to secrete (4 dogs, 
numerous experiments) . (4) Distention of the transplant usually causes 
secretion. 

ThiLS, the mechanism for mechanical and secretagogue stkxmlation of 
gastric secretion is not the same. Also, if a hitmoinl agent is involved, 
it does not come from the parietal cell, because in both eases the parietal 
cells of the entire stomach pouch secrete. 



Site of Origin in the Stomach of the Humoral Agent Produced ig 
Secretogogues . — ^A pouch of the "entire stomach" from wliich tlie 
pyloric portion of the stomach has been removed does not secrete as much 
acid in response to secmetagogues as when the pyloric portion is intact. 

To a.scertain whether the pyloric portion of the stomach contributes 
to the humoral mechanism, we resected tiie pyloric antrum from a two- 
h doo' (Fig. 4)- resection of the antrum, application of 

^ .to- ffues to the remainder of the stomach caused tlie transplant 
secre ao o jess secretion was obtained tiian before antrectomy. 

to secre e. nnieosa contributes to, but is not the sole origin of, the 

Thus, the ™ from the stomacii. 

humoral mee m ^fyndating MecJmnhni in the Stomach as Revealed 
Analysis of o kinesthesia . — Since the mcehaiimm for the 

hg Use of Local rlistention and .secrefagogues i.s different, tJjc 

stimulation of secretion by 


IVY; MECHAXISJIS OF GASTRIC SECKETIOX 


875 


effect of local procaine anesthesia on the elicitation of the humoral 
mechanism was studied.^® 

A 5 per cent solution (50 c.c.) of procaine was perfused through the 
main stomach for fifteen to thirty minutes and then distention or 
secretagogue was applied. Procaine wms also applied to the transplant, 
it having been found that procaine (25 c.c. of 5 per cent solution) in- 
jected subcutaneously had no effect on gastric secretion. Some of the 
results are shown in Table II. The results may be summarized as fol- 

Table n 


Secretiox op Tr.vxsplas-t Gastric Pouch om Perfusios of Pooch op Entire 

Stomach for 0.5 hr.* 



NO. OF 

EXPER- 

51 ENTS 

M.UX POUCHt 

1 TRAXSPL-VNTt 

PKOCEDUBEt 

VOL., 
1.0 HR. 

: FA 
! MG. 
HCl 

i 

1 AIG. 
j HCl 

VOL., 
1.0 HR. 

FA 

MG. 

HCl 

TA 

MG. 

HCl 

Perfusion M. St. with L. E., with 
No procaine 

22 

; 9.3 

9.2 

36.2 

2.0 

2.0 


Procaine to M. St. 

12 

1 3.5 

0 

12.7 

1.3 

0 


Procaine to Tr. j 

10 

i 1 

4.7 

j 24.6 j 

1.9 

1.6 j 

2.3 

Meat, mixed 1 

4 

22.8 


1 32.9 


2.8 

6.3 

Liver extract, 8 gm. No. 343 

2 

12.3 

mi 

14.6 


l.S j 

3.7 

Meal (Procaine M. St.) 

3 ^ 

19.8 ' 

19.6 ' 

1 26.3 ! 


2,7 1 

3.7 

Liver extract M. St. 

2 

14.3 

16.3 

1 23.7 


1.8 

3.3 

Distention (M. St.) 

10 1 

11.4 

13.9 


2.0 

0 

0.9 

Distention + procaine 

6 ! 

5.8 

0 

7.1 

■SB 

0 

1.1 

Perfusion 23 mg. histamine 

6 

iHsa 


55 



1 3.7 

Perfusion + procaine 


Kl 

Eh 

41 


5.6 

7.4 

Perfusion 2% alcohol 



19 

36 

3.0 

5.3 


Perfusion + procaine 

1 0 

■SB 

1 38 1 

30 j 

4.3 

5.5 

8.2 


♦Procaine 50 c.c. of 5 per cent solution for 15 to 30 minutes; 25 c.c. of 5 per cent 
procaine subcutaneously has no effect on response of pouch to perfusion. 
fZ*. B, Liver extracts. ,1/. St. Main stomach. Tr. Transplant. 

4:The pouches were secreting no free acid when the experiments were perfomied. 


lows: (1) Procaine applied to the pouch of the entire stomach abolishes 
the response to distention and secretagogues. (2) Procaine applied to 
the pouch of the entire stomach prevents the transplant from secreting 
in response to secretagogues applied to the former. (3) The procainized 
transplant secretes when secretagogues are applied to the entire stomach 
pouch or to the intestine, or when a meal is fed. (I) Procaine applied 
to the entire stomach pouch does not prevent stimulation of both pouches 
on the application of histamine (10 to 25 mg. in 50 c.c. of water) or 
alcohol (50 c.c. of 2 to 7 per cent) to the pouch of the entire stomach. 

Indirect evidence strongly indicates that alcohol stimulates gastric 
secretion by eausing the liberation of histamine.^^ If histamine^is the 
gastric hormone, then alcohol acts on a different point in the gastric 
secretory mechanism than secretagogues. 

The procaine evidence sliows: (a) that procaine does not act on the 
parietal cells (see 3 above); (h) that procaine probablv does not act 
by preventing the absorption of secretagogues, since it is practically de- 
void of vascular action; (e) and that procaine most likely acts by block- 
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ing a local I’eeeptor mechanism (mechanical and chemical) which causes 
a local secretory response to mechanical stimulation and the liberation of 
a hormone on seeretagogue stimulation. Two types of receptors prob- 
ably exist in the gastric ■nmcosa: one mechanically excitable, which 
does not release hormone, and another chemically excitable, which re- 
leases hormone. Alcohol probably acts directly to liberate histamine. 

This concept can be illustrated by the following diagram ; 


AecUanical receptor) 
in mucosa (Pr) + j 


Chemical receptor ) 
in mucosa (Pr) + j 


(Pr) -(- 
Intermediate 


(Pr) + 
Intermediate 
nerve or 
substance 
(At) + ? 


A 


(At) + ■? 
(Pr) - 
Parietal cell 


Acid 



Circulation 
(Pr) ~ 


Iloriuone production 
(AT) + f 


A and B could involve either a secretory or a vasomotor refle.v. 

Atropine and procaine do not prevent histamine and alcohol stimulation, because 
histamine is absorbed and alcoiiol causes, by direct action, histamine formation. 
Atropine prevents the action of sccretagosues (liver e.vtract) injected intravenously. 
It reduces, but does not prevent, tlie action of moderate amounts (0.5 nis ) hista- 
mine, but m small amounts (0 2 to 0 3 mg.) does prevent histamine stimulation. 

(At) + f Atropine inhibits in adeguate doses but the site of action is questionable 


Evidence, 'Required to Settle Definitely Nature of Humoral Agent . — 

1. To show that histamine is the hozmone, some metliod more sensitive 
tiian those available mil be required ; or we will need to find some agent 
that will destroy histamine rapid!}", and will at the same time stop a 
transplant from secreting. Histaminase acts slowly; it does not prevent 
injected histamine from acting; it does not reduce the gastric secretory 
response to a meal. 

2. To rule out definitely the possibility that secretagognes act by being 
absorbed into the blood, it must be shown, for example, that 100 mg. of 
seeretagogues applied to the stomach will stimulate a transplant, and 
that the same quantity intravenously null not. Or 

S To find some agent which will stimulate secretion in a transplant 
when applied to the entire stomach pouch, but which mil not stimulate 
the transplant when given intravenously. Fatty acids and soaps arc 
lleced to stimulate secretion when applied to the stomach but not when 
• • °ted intravenously. But Gregory** found that soap confined to the 
Saeh does not stimulate secretion. 

gjid some agent in the blood tliat stimulates, hut is not a protein- 
J; °oduct resulting from absorption. 

^ ( A-i One should probably search further for a gastrin that is not 

^ (U\ One should isolate and identify the secretagogue or 
histamine. V ) extract. 

seeretagogues m n 
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Effect of Atropine . — In the dog the effect of atropine is well estab- 
lished. One milligi-am subeutaneonsty abolishes the normal continuous 
secretion and the gastric secretory response to a meal for from one to 
three hours. It abolishes all the phases of gastric secretion. The same 
dose produces a definite but limited inhibition of the response to 
histamine; the inhibition consists chieflj’’ of a decreased volume output 
of acid without much change in acidity the acidity may increase 
slightly. 

The exact site of action of atropine is uncertain. It undoubtedly acts 
to block the action of secretory nerves. If histamine acts only on the 
parietal cells, then atropine probably acts also in part on the parietal 
eell.^- Atropine does not abolish the secretory response to alcohol.^^ 
This indicates that alcohol releases histamine/® and, if histamine is a 
noi-mal humoral agent, that alcohol releases histamine by a different 
mechanism (irritation) from that concerned in the release of histamine 
by seeretagogues in food. This observation is of much interest in that 
it demonstrates the existence of a mechanism for gastric secretion that 
cannot be blocked by atropine. This would indicate that in man when a 
secretion is occurring that cannot be blocked for an hour or more by 
atropine histamine or a histamine-like substance is responsible. 

In man atropine (1 or 2 mg.) abolished the normal continuous secre- 
tion but not that seen in some patients with duodenal ulcer. Its effect 
on the response to a meal is contradictory.'*^ This is not surprising in 
view of the fact that in most studies patients with ulcers were used and 
the methods, stimulating agents, and dose of atropine and other factors 
are varied. (This subject deserves investigation in the light of recent 
knowledge.) Atropine decreases the volume output of acid in response 
to histamine/® and to alcohol, as in the dog.*^ In patients with ulcers 
on hourly milk and cream diet atropine apparently only decreases the 
volume output of secretion*^ as in the dog with a jejunal ulcer;® it cer- 
tainly does not abolish it as a rule. These observations constitute strong 
pi'esumptive evidence that in patients with ulcer histamine or a 
histamine-like substance is produced. If those reported failures of 
atropine, in doses adequate to cause complete xerostomia and disturb- 
ances of vision, to abolish the gastric secretory response to a meal in 
man are not due to tlie presence of an ulcer or a “preulcer” condition, 
then normal men have a gastric secretory mechanism not found in the 
normal dog. Then man’s predisposition to ulcer may be due to this 
tendency to produce histamine or a mechanism not readily blocked with 
atropine. 
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THE MANAGEMENT OP GASTEIO RESECTION FOR THE 
“POOR RISK” PATIENT 

H. McCohklk, M.D., AND H. Glkkn Beli., M.D., Sa.n Pb.uncisco. 

(Frorr. tns Departme^it of Surgery, diversity of California Meaical Sclwol, and tne 
Surgical Service of the Vniversity of California at the 
San Francisco Hospital) 

A T TIMES the surgeon attends a patient urgently in need of surgical 
A treatment to- cL-omo disease of the stonraeh, but m p^r or even 
critical physical coudition. Starvation, old age 
vascuiar'changes, gaslrie retention with edema f 
and infection of the gastric contents are some of the ^^eto 
sinMy or in combination to make the patient a poor r sk for <3ifficrdt 
or prMonged operation on the stomach and for the postoperative co - 
plications that may arise. We have found certain measrrres recent y 
employed in the handling of these poor risk patients to be especial y 

"^TpeHod^of hospitalization before operation is essential. This may 
occupy from six to fourteen days and occasionally a longer time is 
necessary There has never been occasion to regret this delay in sui- 
g cal treatment and usually we have been rewarded by ^^rprovement 
in the patient’s general condition. Ample opportunity is provided for 
the establishment of proper water, protein, and electrolytic balance. 
When gastric retention is complete or almost so, this balance must be 
accomplished chiefly by the parenteral route. The adinmistration of 
Ringer’s solution replaces salts, and fluid in the form of glucose solu- 
tion is also readily given. Records of the intake and orrtprrt of fluid 
and frequent determinations of the blood chlorides are essential. The 
production of edema is carefully avoided. Transfusions of blood help 
to replenish low blood proteins and to aid in the restoration of lowered 
hemo-lobin and erythrocyte levels. Plasma transfusions are also given 
when^the blood proteins are low. Vitamins B and C are injected par- 
enterally if not taken by mouth. During this period digitalization of 
the patient may be accomplished if cardiac decompensation is present. 
An attempt is made to ascertain the presence of renal insufficiency and 
to correct it if possible before operation. 

Careful preparation of the stomach is important. When the gastric 
residue is large or obstruction of the stomach is complete and of long 
standing, the gastric content is almost always infected and the walls 
of the stomach are thickened, atonic, and edematous. Contamination 
of the operative field with the contents of such a stomach would in\ite 
sepsis, and suturing the walls would encourage disaster from leakage. 
The infection can be considerably reduced, the edema diminished, and 

Received for publication, ll.-ircli 10. 1011. 
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the muscular tonus at least partly revived by proper preparation. Com- 
plete obstruction of the stomach requires lavage through a large stoin- 
aeh tube with a considerable amount of fluid in order to remove the 
larger parflicles that may be in the residue, jRepetition at least once 
may be necessary. Often bits of undigested food and undissolved me- 
dicinal tablets are removed in this manner, A small nasal tube is then 
passed into the stomach and connected to the continuous suction ap- 
paratus. The patient maintains a continuous lavage by drinking clear 
fluids at frequent intervals, and this treatment is supplemented by 
periodic lavage carried out by the nursijig or intern staff. Tap water 
is generally employed. The tube is clamped off and disconnected sev- 
eral times a day so that the patient may be up and about the ward or 
room. Having the patient out of bed for several periods din'ing each 
day is an important part of his routine whieii should be maintained 
whenever possible. At meal times he is given a clear fluid diet, dilute 
meat broths, sweetened fluids, tea and jello (milk and unstrained 
oi-ange juice will later obstruct the small tube and should not be given). 
The tube is clamped off during the meal and for the ensuing hour or 
two. Tiiis allows even the patient with obstruction to absorb some 
nutrition and gives him the satisfaction of taking something at meal 
time. Later, suction and lavage are resumed. In a few days the stom- 
ach becomes grossly clean and tends to return to a more normal size. 
The edema of the wall subsides and opportunity is afforded for it to 
regain some of its lost tomis. On the last day or turn preceding opera- 
tion, dilute hydrochloric acid in water may be given by mouth or used 
in the lavage for its supposed baeterio.static action. 

Objections to this rather stremious “cleaning up” process might be 
raised on the ground that bleeding might be incited in the diseased 
stomach. In our experience this has not occurred whether the obstruc- 
tion is caused by eaz'cinoma or by ulcer. Lz the patients zvithont ob- 
struction, particiilarlj^ those in whom severe hemorrhage has occurred, 


the regime described above is not fnlly carried out. It is not necessary 
if there is little or no residue in the stonzaeh. Even for the unob- 
structed patients, however, the clear fluid diet is enforced for at least 
three or four days prior to operation, and lavage of the stomach is 


carried out for abozit forty-eight hours with the small indwelling tube 
and suction apparatzis as described above. Dilute hydroehlorie acid 
ill tap water is given if gastric acidity is low, but it i.s omitted for 
tieuts with ulcer ndio have high acid readings. In all cases the hmt 
i T fv is »iven on the evening before operation, but the suction is con- 
lavae patient is called to the operating room. The na.sal tube 

tnine n ^Qj^^acli during the operation and is allowed to drain by 
is attached to a suction device. 

graMiy pveoperative medication for the poor risk patient is 

The ° importance. Large doses of sedative are avoided. 

of considerable i 1 morphine i.s given before the patient 

Usually a dose of is m ^ 



3XC CORKLE-BELL : GASTRIC RESECTIOX FOR “POOR RISK” PATIEXT SSI 

goes to the operating i-ooni, and to this may be added Y^oo gr. of 
scopolamine. In some of the elderly patients, a small dose of sodium 
phenobarbital may be given hypodermically instead of the morphine, 
A dose of sodium phenobarbital on the evening prior to operation will 
help insure a night of rest. 

In these bad risk patients, partial or subtotal gastrectomy is per- 
formed entirely under local anesthesia. When this type of anesthetic 
is skillfully administered, it is possible to carry through a difSeult and 
prolonged operative procedure with the deliberate precision necessary 
for the successful execution of the Halsted silk technique. In fact, the 
local anesthesia and the use of silk supplement each other in accom- 
plishing the procedure, for the gentle handling of tissue helps to make 
the use of local anesthesia possible in gastric resection, and the use of 
local anesthesia makes possible the prolonged operating time necessazy 
for carrying out the details of the Halsted method. Both factors are 
of considerable importance in bi'inging the debilitated patient suceess- 
fulty through gastric i-eseetion. 

The izse of local anesthesia for upper abdominal laparotomy and gas- 
trie resection has been described previously. Credit for the anterior 
splanchnic block is given to Braun, but Finsterer did much to further 
its recognition as an acceptable method of anesthesia in operations on 
the stomach. Recently Ogilvie, Alien, and Riezihoff have advocated its 
use. Pack, Devine, and others have also mentioned it. 

Employment of local aizesthesia in coimeetion with the use of silk 
for gastric resection in poor risk patients appeal’s to justify its descrip- 
tion here in some detail. It is probably true that, even in the best 
hands, local anesthesia for some reason or other may fail to be satis- 
factory for this sort of operative work. In most eases, however, skill, 
thoi’oughness, and aeeuraey employed in the administration of the an- 
esthetic solution will be rewarded by successful anesthesia. Novocain 
is usually employed in dilutions of 0.75 or 1 per cent and to each ounce 
2 or 3 drops of adrenalin solution are added. Field block of the ab- 
dominal wall is preferable to direct infiltration. The skin is carefully 
prepared with soap, watei-, alcohol, ether, and tincture of merthiolate 
solution, and is suitably draped. The field is outlined udth inti-aeuta- 
neous wheals beginning at the tip of the ensiform process and extend- 
ing down the costal margins to points just lateral to the rectus sheath 
on either side. From these points the series of wheals is continued 
vertically downward along the lateral borders of the rectus sheaths on 
either side to points at or slightly below the level of the umbilicus. 
The two series of wheals are joined by extending them to or immedi- 
ately below the umbilicus. Employing a somewhat longer needle, in- 
troduced through these wheals, the fascia is pierced at intervals of 
about 1 cm. for the entire circumference of the field and a few cubic 
centimeters of novocain solution is injected at each point of perfora 
tion. The mjeetzon is carried out with a hand .syringe and the plim-er 
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tile iiiii.scMilar (omis at least partly revived by proper preparation. Com- 
plete oh.sl ruction of the stomach requires lavage through a large stom- 
ach tube with a eoiisiderahle amoiuit of tliiid in order to remove the 
larger |)artieles that may he in the residue. Repetition at least once 
may he nc'cessary. ()flen hits of undigested food and undissolved me- 
tlieinal tahlels are removed in this manner. A small nasal tube is then 
passi'd into the stomaeh and eonneeted to the continuous suction ap- 
l)aratu.s. The patient maintains a continuous lavage by drinking clear 
Iluids at frefiuent interval.s, and this treatment is supplemented by 
periodic lavage carried out hy the nursing or intern staff. Tap water 
is generally employed. The tube is clamped off and disconnected se\- 
eral limes a day so that the patient may be up and about the ward oi 
room. Having the patient out of bed for several periods during eac 
day is an imjjortant i)art of his routine which should be niaintamec 
whenever po.ssihle. At meal times he is given a clear fluid diet, l u e 
meat broths, sweetened iluids, tea and jello (milk and unstiaine 
orange juice will later obstruct the small tube and should not be gn en • 
The tube is clamped off during the meal and for the ensuing our oi 
two. This allows even the patient with obstruction to absor some 
nutrition and gives him the satisfaction of taking something at 
time. Later, suction and lavage are resumed. In a few days t e s 
ach becomes grossly clean and tends to return to a more nonna si 
The edema of the wall subsides and opportunity is afforded or i 
regain some of its lost tonus. On the last day or tw'O preceding 
tion, dilute hydrochloric acid in water may be given by mouth oi use 
in the lavage for its supposed bacteriostatic action. • 1 1 1 e 

Objections to this rather strenuous "cleaning up” process mio i 
raised on the ground that bleeding might be incited in the 
stomach. In our experience this has not occurred whether the o ® 
tion is caused by carcinoma or by ulcer. In the patients without o 
struction, particularly those in whom severe hemorrhage has occurie , 
the regime described above is not fully carried out. It is not necessary 
if there is little or no residue in the stomach. Even for the unob- 
structed patients, however, the clear fluid diet is enforced for at least 
three or four days prior to operation, and lavage of the stomaeh is 
carried out for about forty-eight hours with the small indwelling tube 
and suction apparatus as described above. Dilute hydrochloric acid 
in tajj water is giv'^en if gastric acidity is low, but it is omitted foi 
patients with ulcer who have high acid readings. In all eases the last 
lavage is givmn on the evening before operation, but the suction is con- 
tinued until the patient is called to the operating room. The nasal tube 
is left in the stomach during the operation and is allowed to drain by 
n-ravity or is attached to a suction device. 

” The choice of preoperative medication for the poor risk patient is 
f POTisiderable importance. Large doses of sedative are avoided. 
Usually a dose of ’/s or % nmrphine i.s given before (he patient 
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meats are divided close to tlie stomach and, generally speaking, a high 
partial or subtotal gastric resection is done. If the benignancy of the 
lesion is doubtful, it is managed as though it were malignant. In high 
resections it is occasionally necessary to use additional novocain solu- 
tion to infiltrate the lesser omentum near the cardia of the stomach. 
Particular care must be taken not to perfoi-ate a vessel in this region 
because hematomas form very rapidly and are difficult to control. If 
the duodenum must be mobilized, it is sometimes necessary to inject 
novocain solution just to the right of the duodenal attachment before 
beginning the incision in the posterior parietal peritonum. The duo- 
denum is divided between clamps with the eleetroscalpel. The fat is 
carefully removed from the proposed site of inversion, the duodenal 
stump is turned in with a Parker-Kerr inverting suture of treated 
gastrointestinal catgut (small caliber) and is further turned in with 
interrupted mattress sutures of fine silk placed with straight cambric 
needles or with very fine Preneh-eyed needles. The silk sutures are 
placed about % inch apart and ax*e tied just tightly enough to appose 
the tissues firmly witliout cutting or producing strangulation. These 
are further protected by neighboring omental tabs. Further division 
of the attachments along the greater and lesser curvatures by the 
method described above is continued until the level selected for divi- 
sion of the fundus is reached. The fat is removed from the greater 
and lesser curvatures at this site. The nasal tube is withdraw by an 
attendant until its tip can be felt in the fundus above the proposed site 
of amputation. As a rule clamps are not employed in the amputation 
of the fundus ; we prefer to depend upon the thorough preparation of 
the stomach, careful walling off of the operative field with suitable 
packs, and the use of suction in the open viscus to prevent contami- 
nation. In practice these methods have proved very satisfactory in the 
prevention of sepsis and the advantage of obtaining direct hemostasis 
in the open stomach is evident. 

Infiltration of the base of the transverse mesocolon from within the 
lesser peritoneal cavity renders its manipulation painless, in ease the 
splanchnic block has wox-n off or has not included this area. An inci- 
sion is made in the transverse mesocolon through an avascular area 
near its base and to the left of the middle colic vessels. A loop of 
small intestine just distal to Treitz’ ligament is brought through the 
opening in the transverse mesocolon to make the retrocolie anastomosis. 
Usually the retrocolie Eeichel-Polya type of repair is used following 
gastric resection. In the very high resections in which the mesocolon 
cannot be sutured to the gastric stump, Treitz’ ligament is divided (as 
described by Lahey) by extending the incision in the transverse meso- 
colon downward. This permits the e.xit of only the descending loop of 
jejunum through the opening in the transverse mesocolon wliieh is 
later closed around the single descending loop of jejunum. Before 
dividing the fundus of the stomach, the loop of jejunum that has been 
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IS carefully withdrawn before each injection in order to be certain that 
none of the solution enters a blood vessel. The tissues should not be 
Hooded with e.xcessive amounts of novocain solution. When the field 
block has been completed, the incision is developed. Eecently Ave haA-e 
come to prefer the midline epigastric incision in most of these cases, 
though the right or left muscle-splitting or the pax’amedian incision is 
used if, for any particular reason, one of them appeal’s to be indicated. 
As soon as the peritoneum is exposed, it is infiltrated AA’ith noA'ocain 
solution over a fair-sized ai’ea and incised in one place. Further in- 
cision of the peritoneum is preceded by injection Aidth noA’oeain solu- 
tion, Avhich is carried back for a distance of about 3 or 4 inches on 
either side of the incision. Small retractors are then inserted. Expo- 
sure is gained Avith the utmost care and gentleness. 

At this point an attempt niaj’’ be made to decide by inspection AA’hether 
the lesion is operable, or Avhether further manipulation is necessary 
before resectability can be determined. Before any considerable intra- 
abdominal manipulation is carried out, the splanchnic region is in- 
filtrated AA’ith novocain, folloAving essentially the method of Braun. A 
needle is inserted into the retroperitoneal space beloAV the left lobe of 
the liver, to the right of the abdominal aorta, at or about the leA’el 
of the celiac a.xis. The needle is inserted until it is felt to impinge 
upon the body of the first lumbar vertebra and then is AA’ithdraiA’n 
slightly. From 40 to 75 c.c. of the noA'ocain-adrenalin solution is intro- 
duced sloAvly Avith due care to prei'-ent intravascular injection. Opera- 
bility is then confirmed by palpation Avhich is facilitated by an explora- 
tion into the lesser sac if necessary. All intra-abdominal manipulations 
must be carried out Avith great care and the softest possible touch. No 
pain should be inflicted upon the patient at any time as it AA'ill cause 
him to strain, contracting the musculature of the abdominal Avail and 
pushing the intra-abdominal A’iscera out into the operative field. Such 
a catastrophe demands the supplemental use of general anesthesia. 

It can be prevented in almost ei’ery case by the accurate placement of 
the local anesthetic and by care and gentleness in operative manipu- 


lations. Extensive subtotal gastrectomies have been done entirely un- 
der local anesthesia in this manner, but total gastrectomy has required 


the use of general anesthesia. 

Silk (Halsted technique) has been used for several years in this clinic 
for "eneral surgical Avork. It has proved to be admirably adapted to 
^astrie surgery and particularly to these cases of gastric resection done 
°iider local anesthesia. The essential steps of the present method as 
V d to "astric resection are: The attachments along the greater 
• curvatures are diA’ided by sharp dissection, the A’essels being 
and essei pointed hemostats before diA’ision and immediately 

clamped aa p^atures. In malignant disease, the lesser and greater 

tied Avith ^ excised, together AA’ith the greater part of the stom- 

omenta areAAi -.j.-^qted for a benign iilcei’, the omental attach- 

ach. If resection is niclicaiL 
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ments are divided close to the stomach and, generally speaking, a high 
partial or subtotal gastric resection is done. If the henignancy of the 
lesion is doubtful, it is managed as though it were malignant. In high 
resections it is occasionally necessary to use additional novocain solu- 
tion to infiltrate the lesser omentum near the cardia of the stomach. 
Particular care must be taken not to perforate a vessel in this region 
because hematomas form very rapidly and are difficult to control. If 
the duodenum must be mobilized, it is sometimes necessary to inject 
novocain solution just to the right of the duodenal attachment before 
beginning the incision in the posterior parietal peritonum. The duo- 
denum is divided between clamps with the eleetrosealpel. The fat is 
carefully removed from the proposed site of inversion, the duodenal 
stump is turned in with a Parker-Kerr inverting suture of treated 
gastrointestinal catgut (small caliber) and is further turned in with 
interrupted mattress sutures of fine silk placed with straight cambric 
needles or with very fine French-eyed needles. The silk sutures are 
placed about % inch apart and are tied just tightly enough to appose 
the tissues firmly without cutting or producing strangulation. These 
are further protected by neighboring omental tabs. Further division 
of the attachments along the greater and lesser curvatures by the 
method described above is continued until the level selected for divi- 
sion of the fundus is reached. The fat is removed from the greater 
and lesser curvatures at this site. The nasal tube is withdrawn by an 
attendant until its tip can be felt in the fundus above the proposed site 
of amputation. As a rule clamps are not employed in the amputation 
of the fundus ; we prefer to depend upon the thorough preparation of 
the stomach, careful walling off of the operative field with suitable 
packs, and the use of suction in the open viseus to prevent contami- 
nation. In practice these methods have proved very satisfactory in the 
prevention of sepsis and the advantage of obtaining direct hemostasis 
in the open stomach is evident. 

Infiltration of the base of the transverse mesocolon from within the 
lesser peritoneal cavity renders its manipulation painless, in ease the 
splanchnic block has worn off or has not included this area. An inci- 
sion is made in the transverse mesocolon through an avascular area 
near its base and to the left of the middle colic vessels. A loop of 
small intestine just distal to Treitz’ ligament is brought through the 
opening in the transverse mesocolon to make the I’etroeolie anastomosis. 
Usually the retrocolic Keichel-Polya type of repair is used following 
gastric resection. In the very high resections in which the mesocolon 
cannot be sutured to the gastric stump, Treitz’ ligament is divided (as 
described by Lahey) by extending the incision in the transverse meso- 
colon downward. This permits the exit of only the descending loop of 
jejunum through the opening in the transverse mesocolon ivhieh is 
later closed around the single descending loop of jejunum Before 
dividing the fundus of the stomach, the loop of jejunum that has been 
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brouylit tlu'ougli the opening in the transverse mesocolon is sutured to 
the posterior vail of tlie stomach, above the proposed line of division, 
with interrupted sutures of tine silk placed about Vs inch apart with 
line cambric needles. The distal end of the jejunal loop is at the 
gi eater curvature and the proximal loop at the lesser curvature of the 
stomach. It is important that the sutures be placed accurately and 
tliat the submucosa be included in caeli stitch (as described by Halsted). 
ihe sutures must be tied with care so that the parts are firmly apposed 
but are not cut or strangulated. Continuous sutures of silk are never 
used. AVhen the posterior line of silk sutures has been placed and tied, 
incisions are made ivitli the eleetrosealpel down to the submucosa in 
the anterior and posterior walls of the stomach, at the proposed site of 
amputation. This brings the vessels into view and the larger ones are 
ligated ivith fine silk ties passed on cambric needles while the smaller 
vessels can be safely coagulated Avith the eleetrosealpel. A small open- 
ing is then made into the lumen of the stomach and all fiuid is aspirated 
by suction. The stomach is amputated by completing the incisions 
with the eleetrosealpel through the mucosa on all sides, and the speci- 
men of the stomach containing the lesion is removed from the operative 
field. When this is done carefully, there is no spilling of gastric con- 
tent. In addition, the field is ahvays blocked off Avith drapes to prevent 
accidental contamination. An incision Avith the eleetrosealpel is made 
m the loop of jejunum parallel to the opening in the stomach and 
hemostasis and prevention of soiling are carried out as described in 
the technique of opening the Avail of the stomach. A second posterior 
line of sutures, consisting of a continuous gastrointestinal catgut hemo- 
static suture, is placed through all the layers of the posterior aspect 
of the gastrojejunal stoma and is completed anteriorly as a Connell 
type of suture. The anterior line of sutures is completed by the intro- 
duction of Halsted mattress sutures of fine silk passed on fine cambric 
needles and is further reinforced Avith interrupted sutures of the same 
material, thus completing the anastomosis. All laparotomy pads are 
removed from the operative field and the gloves of the surgeon and 
all assistants are changed. Fresh toAvels are draped about the field and 
the abdominal Avound and peritoneum are reinfiltrated Avith local anes- 
thetic. The opening in the transverse mesocolon is then sutured Avith 
interrupted sutures of fine silk, around the gastric stump, or it is closed 
and fixed around the descending loop of the jejunum if the amputation 
lias been very high and division of Treitz’ ligament has been carried 
Final inspection for hemostasis and the security of closure of the 
^ al stump is made before the closure of the abdominal Avound is 
The laparotomy Avound may be closed in layers Avith inter- 
begun. g^tures or Avith heavy dermal retention sutures placed 
rupted s r through all layers. The Avound is dressed Avith gauze 
about 2 cm. upa applied in such a manner that it ivill not inter- 

and adhesive s rap o lower thorax in deep respiration. 

fere Avith movements of the 10 
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Wien peTfonued in the maimer described, gastric resection often 
requires from four to five hours, and in very difficult cases as long as 
SIX hours has been needed. In this length of time it is usually neces- 
sary to reauesthetize the splanchnic area and the abdominal wall, and 
this should be done as soon as the patient complains of the slightest 
discomfort. Aside from a transient drop in blood pressure which may 
occur if the local anesthetic is introduced rapidly in large quantities, 
the general condition of the patient usually remains essentially un- 
altered throughout the procedure. If the patient becomes restless at 
the end of three or four hours, a small dose of moi^phine or of sodium 
luminal may be repeated. It is gratifying to see the “bad risk” pa- 
tient appear so well at the end of the long operation and to realize 
that the utmost has been accomplished to relieve him udth the least 
risk to his precarious hold on life. It is a great satisfaction also to 
know that the intra-abdominal operative work has been deliberately 
and thoroughly done. 

The patient is returned to his bed in the semi-Fowler position, but 
is moved frequently (at least every two hours). Inhalations of carbon 
dioxide-oxygen are given at intervals to promote deep respirations. 
Patients in their late sixties and seventies are assisted to sit on the 
edge of the bed twice daily beginning the first postoperative day, and 
on several occasions these elderly patients have been allowed to sit in 
a chair at the bedside for a short period each day, very soon after 
operation. 

The nasal tube is connected to the suction device as soon as the 
patient is returned to his room. Continuous gastric aspiration is main- 
tained, usually for forty-eight hours, but irrigation is forbidden. The 
patient is allowed nothing by mouth for the first seventy-two hours, 
but is encouraged to rinse his mouth, and the nurse is required to 
carry out oral hygiene at frequent intervals. -Fluid balance is main- 


tained by the parenteral route for the first few days, care being taken 
not to overload the cardiovascular system and to avoid edema. Blood 
transfusion is done if the patient does not appear to be pz’ogressin" 
favorably, but it is not always required. An enema is ordered on the 
morning of the third day after operation. On the thii'd day 1 ounce 


of water is given by mouth every two hours. On the fourth day this 
is increased to 2 ounces every two hours, alternating water with albu- 
min water. On the fifth clay, when progress is favorable, clear fluids 
(tea, broth, coffee, jello) are given in amounts up to 3 ounces not 
oftener than every three hours. No milk or fruit juice is given. On 
the morning of the sixth day a coddled egg is added and that evening 
a small baked potato is allowed. Beginning on the seventh postopeim 
tive day. the diet is veij gradually increased by adding thin -ruels 
and other bland toods. It must be remembered that the "astrie came 
ity is nuich diminished and the feedings should be eorrespondinr^lv 
small at first. ^ ° j 



886 


SURGERY 




3IC CORKLE-BELL : GASTRIC RESECTION FOR “POOK RISK” PATIENT 887 


o 

3 C3 
O ’’O 

O O 

o "S '43 ^ 
*3 5 rt o 

3 *5 

O c3 
c3 o &« 

ClirM arj ^ 
C O O — 


O C5 
^ 2 
« o 
'>» ■*-» < 
^ ® 3 
o 

fi 5 


J- 3 
O *H 


2S-S 

4-d M o 
K) O >i-a . 


O 2 O 
Q. S 
3 «4~( 

3 ; 3 

p 

> ^ S 
Jr5-= 

j ^3 -*a 


Ifo 

Iri 

CO ^ 

t> 


CM p 
13 t;- 

oO 
53 ffO 
3’'^ 


3 3 

C3 3 

3 « « 

m £^.2 5 
2 J 2 P. 

p4lon3 ® ^ 

3 ••« 

O 3 VQ o 2 

^ S^q ^ 

\ Ch^Ih ^ 03 

^ o 3 S o> 
(M 3 .2 p 

r*l ^3 3 


13 

y-H 


OJ -w 

"o i; 

^ ki. 

■2 

“ 'H ^ 

i i •- !- 

o « ^ 'S 
‘'SEC. 

§ 2 

i^53w-i 

I =3 

o 


tn M 


.« g g .2 ^: 
°w Sis^ 
=3 - 2 S ■-= 
a s-g 

O 3 „ =s 

.5 -2 r3 cj 

o 3 3 o S 

- 3 3 ^ 

O 


a -- 

C3 .-, 

W -P 
o o 

ar. 


o 

so ^ ^ 

'So'P 
3 rH g S o 

§2 - cl 

Ti fS'^o =-■ 

Jri g'S o 

p. c3 5:5 

g^ £g 

^ ei 


3 


zn 


o 

3 3 - • .y =5 — 
tfi 3 H4 00 'O 

CC 

Pio 
pp 

03 g 


« 5“ 


j 

o 

o Ci 


g-S 

-I I 

^-1 •<-» ,3 &i 

— — ' 'O CO 


Q o*' S o fcjj o> 2 
<U P • •' o ■ 


060 


35 3 . 

. c g 9 


O S 


03 3 3 




W pH 


« 2 5 
1 ^ ^ ^ 

0 2 s _2 , 

*p ^ so 

1 a g o 

g « S 
a 


c3 10 
.«% 

'o u 




Ph 3. 


■3 > s 

‘H § O g 
O S P 
^ tD« 13 
3 CO 


•3 ^ 


^ § 

« -§ O 


o-S 

g.5'3 g 

2.2 2 3=5 
oT "go 
P 2 s'"" 

B u g J ^ 

2 >4 0 fc. ei 


o u 
3 o 

hM Q 

"ao 

C ^3 O 
«3,0 Ph 

■r/'S 




O C « -> 
o o > ^ 

'3 = 2 -S 


CO PI 


S g O 
CD o o S-. 3 .2 a 

r-( b- *3 ra -U si 

Ph 


•e o 

-g 

£Q M • 

^^•cpq 
a 3 
o"^ r- 

01 o ; 
i~. o .2 

o a 


§a3 g S 

O g.a 2 
^ P* g 5 

rH O .P Pi 
> a Ph 

o-'® . 

» o 3 . ■■ 


’ tn 


a- C .2 m £ A. ,_ 
s O .3 a: o 2 '= 


^ g a ^ S o ;-- 
8 § 2 o “ S 
M d 5 VH o K c. 


o 

0 .§ 

o " 


2 g c 
a ...» .'2 

^ ® CO 


si 

3 

CO 

. i: S rt 
§ .-g g S . 
»o > o ® 

’“<3 ® .». 

J i 5 

-Is |g; 

2 to .3" , 

3 .. b__ a . 
o o o 3 • 


M 2 p4 3 


o 
Ph 

t-, si 

«a 3 


>05 so 
J fP 'ti 


O U 
M O 

SS' 


S rf a 3 
L g §S 


±^.2 *0 

p 3 3 g 


a ^ ,3 

CO » a ^ 

CfJ — 4 w M 
-V o *-• a o 

3> j: P ,2 c 

CO P*3 rf 


> a 
p o 




• ^o 

‘T IN- 
-O \ 

o 

o cs _ 

P S 2 fcx) ^ 

b, b- 00 Ph a :X3 

W CI4.P ^ ® 
o 03 O O h a P 
CO o rH u a .2 a 

3 r-< r-l 3 3 HA. ci 


fcC P ' 
: P3 3 

■'ffi rt 


o ^ ^ 


CO ' 


; to 


p .2 

« 3 

9 a CP 4^ 

«2¥Sa 

.2 3 g a •= 

P a ^4 P 
c? o ^ to 

^ CD O 


® -2 ^ 

1 fel 

3 a 

a « 
iya-a .2 a 


2 "« a 

2 r3 a 

2 3 oa; 




:»P r 

: t'B'^ 

*r^ o 
i o 

- a 

^ cT c ,2 

, sc 

. 2 o 


a 

»=5 


00 



888 


SUKGEBY 




3IC CORIiLE-BELL ; GASTRIC RESECTION FOR “POOR RISK” PATIENT SS9 


^ o o 


5 "2 

S'35'a 


3 ft 

-a s 2 « 


, 3 ^ g ■-« "5 

:'I3 e> S o ^ c3 ,. d 
3 g Sn^ 


.& =i.H-S o- 
tJ tJ) ■' K 


CL. '3 -ti g 
CJ fl Cli 

a. o o 


— ^ & 2 ^ - 
, a <M ’-3 35 s S '3 3 
SocsociosoSSti 

t> Ci^C-rt_2 


2 60 


> fi.p,rt^ Ss^. 


g CJ*S 

? s 

2 -2f=4 


£ 

o C3 > O 

^ p, 

c O c . 
K « fci 
fl s ^ 
«2 O o t_, o 

s « 

“£"3 0 

S a S.a 


f4 si 

ir« s ^ 

" „ ^ 3 tn.g 

a — o “ c S 
toSi^ S-s^ 

o o ^,2 c 

ci t>* ci ^ 

o C''J 'S. o 

ai ^ CC O « s 
'X l-< *53 O « 


g ■= s § 

S 'W O f-< , 

O 223« 


_ £Pt5 *S 
2 rt d g«,s 


2 

3 3 ^ 

'H 2 2:3 
: c> 2 o 
N 9 c o 


^ C3 M g 0 
2 fc- w 9 ^ .S 


{- ‘-G *3 

s tj •«" 

2 o ^ 

‘m 03 2 es .3 

s 2*= S 
^ ^ 2* 


o S ^ 

2 3 ♦- o 

g ^ o ^ « 

S*^ 2 ^ A 

2 c> i? •» S 

.2 g i: © 3 ~ 
^ o *3 "x w 


•3 = 3 ;? 

IJI!- 

ft 


•22^0 
o is S 3 

lill 

© O © X 


fc- • 

§ s 

3 •" 3 2 = 

5 S fc: 

'g -i 3 ” I 


•ii» > ci 
CO rt © 

‘t ^ 

«J c> a 

- Ifta 

J ” 0.2 

^ s's H 

■ll.il 


9 « > . 

'JSb.. 

•S 

3,2 - -2 
S .a ■?, 3 


M-= V, 5 E 
■3 .'3 0 3-3 


"3 / © o *- 

I “--g “I 

■I®.® S-^ = 2 ■a 

= = 'S ~ = P 

- 2*^^S©^’*'2 

•|S-g|-|^l| 

£^©2^2*^*^^ 

2'2o 222“53 
= o 


cT © a- 

,2 a 5 o ' 
a a a © 

I "'E •'■: 

h.; 


p? 'p '3 '• 


c© 

»© 


piuio pstric OD- 70/50 for .short to 102 

structiou ti,mj following in- 

jection of splanch- 
nic area; 140/70 at 

end of opoiatioii 



890 


SURGERY 


It is important not to depress these patients by sedation in the post- 
opeiative peiiod. When the operative work has been done carefully 
and with little trauma the patient usually has very little discomfort 
after his operation and gr. of codeine at required intervals ordi- 
narily is enough to keep him comfortable. If not, a single small dose 
of sodium phenobarbital will probably not depress him too much and 
will help to insure rest. Morphine is rarely required and seldom given 
to these patients after operation. 

We usually leave the sutures in place for from fourteen to sixteen 
days in these feeble patients. It has also been found desirable to keep 
them in the hospital for several daj's longer than the younger or stronger 
patients. 

On the University of California Service at the San Francisco Hos- 
pital, diu’ing the past year, we have had fourteen patients whom we 
considered to be “poor risks.” The tabulation of cases appended 
(Table I) shows in brief the type of patient to whom our regime has 
been applied and the immediate result accomplished. These cases were 
selected because operation upon the stomach was essential. All pa- 
tients were especially prepared and were operated upon entirely under 
local anesthesia. In each case three-quai’ters or more of the stomach 
was resected. 

SUMM^UJT 


Certain measures employed in the management of patients Avitli gas- 
tric lesions previously considered inoperable because of the poor con- 
dition of these patients have increased the number of operations suc- 
cessfully performed. Chief among these are : 

1. A period of hospitalization before operation for preparation which 
includes the treatment of hypoproteinemia, the correction of fluid and 
electrolyte balance, the administration of vitamins, the treatment of 
cardiac decompensation, and the detection and correction of renal in- 
sufficiency wherever possible. 

2. Thorough mechanical cleansing and decompression of the stomach 


by means of gastric lavage and aspiration. 

3. The rise of local anesthesia and silk technique. The method as 
applied in the performance of gastric resection in the “poor risk” 
ease is described. Accuracy and thoroughness in the placement of the 
nesthetic agent and gentleness, deliberation, and care in the operative 
anipulations are necessary for the accomplishment of gastrectomy 
under these conditions. 

. ful supervision of the postoperative cai’e of “poor risk” pa- 
h details include provision for pulmonary ventilation, fre- 
tients. o n.atient’s position, the regulation of the intake of 



HEMANGIOaiA OP THE STOMACH 

Review of the Literature and Report of Two Cases 

Charles Bruce Morton, M.D., and Ray Edward Burger, M.D. 
University, Va. 

(From the Department of Surgery and Gynecology, University of Virginia 
School of Medicine) 

B ecause of the very small number of hemangiomas of the stomach 
recorded in the literatui'e, two additional eases seemed ivorth re- 
porting, especially in view of the fact that one of them had been the sub- 
ject of a preoperative gastroseopie examination, a procedure apparently 
never before performed in the pi’eviously recorded cases. A review of 
the literature indicated the rarity of gastric hemangioma not only as 
compared with the frequency of hemangioma in other tissues, but also 
as compared with the incidence of other types of benign tumors of the 
stomach. 

Hemangiomas are common, most are benign, and most occur on the 
body surface. A small number involve the viscera; and yet a smaller 
nimiber involve the bone, muscle, and central nervous system. Ge- 
sehickter® reported 570 instances of hemangioma from the Johns 
Hopkins Hospital : 370 peripheral, 135 visceral, and 65 of bone, muscle, 
and the central nervous system. The majority of the visceral hemangi- 
omas, 109 or 81 per cent, involved the liver. The remaining 19 per 
cent involved the heart valves and other internal organs including the 
mesentery, kidney, and gastrointestinal tract. None of these tumors, 
however, involved the stomach.® 

Benign tumors of the stomach, which are much less frequent than 
malignant growths of the organ, include adenomas, polyps, adeno- 
myomas, leiomyomas, fibromas, lipomas, neurofibromas, dermoid and 
echinococcus cysts, embryonic rests of the pancreas, osteomas, and 
hemangiomas. In Eiselsberg’s Clinic= only 5 benign tumors were found 
among 1,125 gastric neoplasms, an incidence of 0.44 per cent. Euster- 
man and Scnty^ estimated from cases at the Mayo Clinic that only 1.3 
per cent of all tumors of the stomach treated surgically are benign. 
Ilillstrom,*' reviewing records of the Department of Pathology of the 
University of :Minnesota, found about 5 per cent of all tumors removed 
at operation or discovered at necropsy were benign. Stewart,=® in 11 000 
post-mortem examinations, found benign tumors of the stomach in 15 
per cen t. Rigler and Erickson'* found benign tumors in 26 per cent of 

Received for publication, March is, 1311. 
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aU gastric neoplasms at necropsy. In 1925 Eliason and Wright’ col- 
lected 560 previously reported cases of benign tumors of the stomach and 
added 50 of their own, making a total of 610 cases. In 1932 Lockwood’" 
recorded 4.5 per cent of gastric neoplasms benign, and stated that 
about 1,000 cases of benign gastric tumors had been reported. Since 
tlien many more have been recorded. Thus the incidence of benign 
tumor of the stomach lias been reported variously from 0.44 per cent to 
26 per cent of all gaslidc neoplasms. The number found at operation 
is much smaller than at neeroiisy, and few give rise to many symptoms. 

The first recorded ease of hemangioma of the stomach was reported 
by Lammers’® in 1893, Since then eases have been reported by Stoelds,"" 
Guisez/ Brirty,’ Sherril and Graves,"® Lemon,” Konjetzny,® Eusternaan 
and Sentj',-* Moore,”'’® Siebner,"’ and Minnes and Geschickter.” In 
1920 Lemon colieeted the first 5 eases from tlie litei’ature and added 1, 
In 1925 Eliason and Wright colieeted a total of 10 from the literature 
in citing 610 cases of benign tumors of the stomach. Minnes and 
GeseMckter in 1936 gatiiered 961 benign tumors of the stomach from 
the literature, of which 15 {1,6 per cent) were hemangiomas. They 
add a case of their own, believing it to make a total of 16. In a careful 
search of the literature, taking into consideration double and triple re- 
porting of cases, w'e have been able to find only 12 different eases 
recorded. 

TABtE I 


Cases or HKitaNaioMA or the Stomach* 


CASE 

AUTHOR 

YEAR 

CETERillHATION AT 

1 

Laxniaers 


Necropsy 

2 

Stookis 

1904-5 

Necropsy 

3 

Burty 

1914 

Operation 

4 

Slienil and Graves 

1915 

Operation 

0 

Lemon 

1920 

Operation 

r> 

Konjetzny 

1921 

Not stated 

7 

Eusternian and Senty 

1022 

Operation 

s 

Bust ei man and Senty 

1922 

Operation 

9 

Eusterraan and Feiity 

1922 

Operation 

10 

Mooj e 

1924 

Operation 

11 

Siehuer 

1933 

Operation 

12 

Minnes and Geseliickter 

1936 

Necropsy 

13 

Morton and Burger 

1941 

Operation 

14 

Morton and Burger 

1941 

Operation 

— TT'yryn^pnorted V>t Omsez has heen included lU 

the tabulations o£ previous aulbois 

. A-vnluded from our tabulation because, on readinu 

the original icbort, it 

bwt tiab w , . lesion was esophag’eal rather than gastric. It was visualized throu^r^ 

at the “cardia.- 


The pathologic charaeteristies of hemangioma of the stomach do not 
from those vsdvieh might be expected. Hemangioma is a true 
1 Stic process involving vascular tissue and is believed to arise from 
r ■ rests of mesodermal tissue. The t 3 'pes encountered in the 
embryo eapillaiy and cavernous. They are nsu- 

stomach and with some semblance of a capsule, though 

ally round, so , ’ ^ pedicle, though most are interstitial. 

some are di&use. Some are 
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They lie between the mucosa and serosa and are bhiish black or reddish 
in color. To palpation they often feel “like a mass of angleworms.” 
They occur at varjdng ages, ulcerate easily, and hemorrhage is a fre- 
quent symptom. 

In general the symptoms are due to ulceration, hemorrhage, dis- 
turbance of gastric function, or malignant change. The case of Burty 
revealed sarcomatous change. They usually produce a filling defect 
on roentgenologic examination and are diagnosed as benign or malignant 
tumors. As far as can be ascertained, no previously reported ease has 
been subjected to gastroseopie examination. In this connection, how- 
ever, Schindler*® said : “Benign tumors of the stomach are by no means 
rare. In my expex'ience they have been found in 1.5 to 2 per cent of all 
the eases gastroseoped. . . . Angiomas are so rare that it will probably 
be a long time before one is seen gastroseopically, but they sbould be 
easily diagnosed.” 

CASE REPORTS 

Case 1. — E. C. (Hist. Ho, 157373), a white man, agei 30 years, was adniitted 
to the Medical Clinic of the University of Virginia Hospital April 9, 1910, He com- 
plained of discomfort in the epigastrium of one year’s duration. He had first noticed 
the discomfort in tiie early morning and usuaJly it had been relieved by food, soda, 
or exercise, and Iiad not returned during the day, if the patient had been moderately 
active. It had returned, however, when he had become fatigued. The discomfort 
had remained as a dull, gnawing, nonradiating type of mild pain throughout the 
year, and had not been associated with nausea, vomiting, anorexia, hewatemesis, 
meiena, or weight loss. His past and family histories were irrelevant e.xoept that a 
paternal uncle had had “ulcers of the stomach.’’ 

Physical examination revealed a well-developed and nourished white man wiio 
appeared to be in good iiealtli. Ho physical abnormalities were discovered. His 
abdomen seemed entirely normal. His temperature, pulse and respiratory rates, 
and blood pressure were mtiiin the normal range. Laboratory- examinations, includ- 
ing various studies of the blood, urine, and gastrointestinal tract content, likewise 
revealed no abnorinalities. 

Roentgenolosie Examina1io?t . — The gastrointestinal tract was e.vamined roentgeno- 
logically after ingestion of a barium meal on two occasions, six days apart. Both 
examinations revealed an organic lesion, a ragged area on the lesser curvature of 
the stomach beginning at tlie level of the cardiac orifice and extending downward 
for 6.0 cm. There was also slight spasm at the pylorus, but the remainder of the 
stomach and duodenum appeared normal. The six- and twenty--four-hour interval 
examinations of tl>o remainder of the gastrointestinal tract revealed no other 
abnormality. The roentgenologist believed that a malignant tumor might he present 
in the atoinacli in the region referred to in Pig, 1. 

Gastroseopie examination, by Dr. Porter P. Vinson, of Richmond, Va., revealed 
“a polypoid mass on the lessor curvature of the stomacli near the cardia, without 
evidence of ulceration. It was concluded that this lesion represented a localized area 
of polyposis,’’ 

On tlio basis of tlio roentgenologic and gastroseopie findings a tentative diagnosis, 
polypoid tumor of the .stomach, was made and exploratory laparotomy was advised! 

OpcnKion.—Tlio patient entered the University of Virginia Hospital April IS, 
1910, and after four days of preoperative treatment, laparotomy was performed. 
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Spinal anesthesia was employed, and the abdomen was explored through an incision 
m the midlino of the epigastrium. Exploration of the abdominal viscera revealed 
no abnormality, except in tlio case of the stomach. There were numerous large and 
tortuous vessels in the upper half of the stomach wall along the lesser curvature. 
In addition there was a good deal of telangiectasis of tlie surface vessels of the 
stomach in this region. To palpation the involved area of tlie stomach wall felt like 





1 r'Ksc 1. Roentffenoeram of stomach after barium meal. roveMne raseeci 
EiB curvature beeinninff at the level of the carUiac orifice and evtend- 

f.^rdov^n'^'ordlorescm. 


f angleworms. Tlie changes were cliaracferistic of the e.avernous type of 
a mass 0 o sharply circumscribed and merged into norm.il looking 

\®“‘^eh'’t“wmra botli the pylorus and greater curvature. 

stomac t .a so widespread that surgical eradication of it vvoiild liavo 

Tlve involvemen ' ^ gastrectomy. This did not seem justified. A biopsy, 

necessitated practica J * laeision was made high uji m the atomacli ne.ir Dm 

however, seemed worth w " • * infernally. As might have been expected, 

lesser curvature, awd the stoma 
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f was readily eontroUed. InspeetioE confirmed the x-ray 

bleeamg was profuse jras r y 4 

and gastroseopie findings in th representing the vessels beneath the 

to. was full of tortuous ridges „l,,ration. A smaU area of the 

surface. There was “asScl^dsion was excised for later microscopic 

stomach wall on one side ® “ appendLx was removed routinely, and the 

study, and the incision then closed. The appendix 

laparotomy wound closed. 



, • submucosal area of stomach wall revealing 

Fiff. 2.— Case 1. A. various amounts of blood, Mucosa and 

many thln-walled blooj . s the top. (X2a.) R, Higher power photo- 

muscularls mucosae rur thln-walled vessels in close pro.ximity 

micrograph of submucu^o. 

Oiled with blood (XSOJ- 

ilicroscopic Sludy.— Sections included the entire tliickness of the stomach wall with 
a fairly tliick and essentially normal mucosa. The muscularis mucosa appeared 
normal. Tho suhmucosa was fairly thick, and contained a large number of fairly 
lar<^o blood spaces with thin walls lined with endothelium. The muscularis and 
serosa appeared normal. The endothelial lined spaces in the submucosa seemed to 
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indicate tlie presence of a cavernous typo of hemangioma. The dual diagnosis was 
"cavernous Iiemangioma of the stomach.” 

Course . — Tiio patient’s eonvaleacenee was smooth and uneventful. He left the 
hospital on the twelfth postoperative day, tolerating a tive-meal gastric diet com- 
fortably. He ha.s recently reported that he has no gastric symptoms, but continues 
to restrict his diet as directed. Should symptoms ever reappear, it is probable that 
radiotiierapy should bo considered. 

Case 3. — Unfortunately, nothing is known of the clinical features of this case 
except that the patient was a wonran, aged 30 years, operated upon in a small hospital 
in a nearby town. Efforts to obtain further information have been unavailing. 
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Tissue labeled “eyst of the stomach wall” was sent for study, and received by the 
Department of Pathology of the University of Virginia Hospital, Nov. 11, 1939. The 
tissue was in formalin ftxative, and appeared to be relatively fresh. No other tissue 
accompanied the specimen, but it is impossible to know whether the tissue repre- 
sented the patient’s primary disease or was removed as an incidental finding during 
the course of an operation for some other disease. 

Macroscopically, the tissue consisted of a small area of the entire thickness of the 
wall of the stomach, in the center a circumscribed mass 1 cm. in diameter, apparently 
representing a hemangioma in the muscularis. 

Microscopically, the mucosa and submneosa were normal except for numerous 
dilated blood channels in the submucosa. Situated within the muscularis was an 
area which consisted of a mass of cells with very little stroma. The cells were 
rounded, fairly uniform in size and shape, and contained scanty ojicplasm with 
fairly large reticular nuclei. Situated within the mass of cells were numerous small 
and large channels which were lined by a flattened layer of endothelium, and were 
filled with blood. Tliere was some invasion of the intermuscular spaces by the 
cells, but the lesion did not extend as far as tlie margins of the tissue removed. 
The final diagnosis was ‘‘cavernous and plexiform hemangioma of the stomach with 
rather marked endothelial proliferation.” 

SUMM.VRA’ 

A brief review of iiemaiigiomas and other benign tumors of the 
stomach has been given. Hemangiomas of tlie stomach appear to be 
quite rare. After a careful search of the literature, we have found only 
12 previously recorded eases. 

We have recorded two additional eases of liemangioma of the stomach 
discovered at operation. The first, a patient with a diffuse cavernous 
hemangioma involving a large area of the stomach wall and responsible 
for mild gastric s 3 miptoms, was studied gastroscopicalij^ Though the 
tumor was not diagnosed eorrectlj^ at the time of the gastroscopic ex- 
amination, a definite organic lesion was noted. No previouslj' recorded 
case of hemangioma of the stomach appears to have been examined 
gastroscopically. The second ease report is incomplete and, because of 
our inability to obtain clinical data, is based onty on the gross and 
microscopic study of tissue removed at operation elsewhere. 
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ABSCESS OP THE STOMACH AVALL^ 

"With Eeport of i Case 


Paul K. Sauee, M.D., and Jajies R Lisa, M.D,, New York, N. Y. 

(From the Surgical Division and the Pathological Lahoiatory, City Hospital 
Welfai e Island, Department of Hospitals, Hew Torh, N. T.) 

T his communication is the report of acute abscesses of the wall of 
the stomach in chronic gastritis, occurring in the absence of chronic 
peptic ulcer. Abscesses of the stomach wall not directly the result of a 
demonstrable ulcer of the mucosal siu'face and not part of a phlegmonous 



riB 1— MucosU burfice of stomach with eranular appearance 
Pjloric end 


and loss of ru^ae at 


•H ij b.fo)t th. Non t ork Siirgic U Societj, 
IliLLiMd foi publication. March li, 1911 


York Cit>, No% 


9. 1940 
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sukgeby 


t-astiitis must be considered a nru i 

pathologists among whom inaniri ' phenomenon. Seven] 


Fig. Serosal surface of stomach with abscesses 



CASC REPORT 

The patient, a male, aged 35 jears, a grocerv ,.7eri.- , • 

Service at City Hospital on Feb. 14, 194O, complaiuino- nf 
gnawing pains after eating, beginning two months proi°ous To mbm' 

was increased by the ingestion of food and liquids Thoro u-i«' P'""® 

diarrhea, melena, or weight loss. ’ vomiting, 


The general phjsical e.\aniinatioa was entirely nogatiie extept for a temT,... 
in the epigastrium. Tl.e blood count showed 1,270,000 red cells and 90 Z “ , r 
hemoglobin; W.B.C., 9,d00; 02 per cent polymorphonuclear,; and 38 p„ 
lymphocytes. The urine uas essentially negatne. 


spot 


cent 
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The roentgenogram showed the stomach, to be orthotonie in type. Along the 
lesser curvature there was an indra^vn area or niche formation which indicated in- 
nitration. The duodenum was perfectly normal throughout. At six hours there 
was a very definite gastric retention lying along the greater curvature. There was 
a moderate gastric retention at twenty-four hours. The findings indicated ulcera- 
tion of the prepyloric portion of the lesser curvature, possibly malignant. 

A gastroscopy by Dr. H. Yarniss was reported as follows ; “At the incisura in the 
region of the lesser curvature, posterior wall, there is a wliitish ulcerated flat mass. 
Near the pylorus there are two whitish nodules. The action of the pylorus is asym- 
metrical, the lesser curvature beliind the incisura not being visualized. From the 
gastroscopic picture there is an ulcerating carcinoma beginning at the incisura of 
the lesser curvature and also at the pylorus. Diagnosis: Carcinoma of the pyloric 
antrum involving the entire lesser curvature and pylorus.” 



Fig-. 3. — ^Abscess in section of stomach (low power). 

On March 7 the patient was operated upon for what was thought to be an 
early carcinoma at the pylorus. On opening the peritoueiiiu and examining the 
stomach and duodenum no evidence of carcinoma or ulcer could bo found. There 
nero no adlic.-ioiis and (lie gmll bladder was found to bo normal. Further e.xplora- 
tion, entailing nn opening info the lesser omenta! cavity, revealed a firm mass about 
two inches in diameter on the posterior wall of the stomach near the lesser curvature 
at about the level of the reentrtint angle. The character of the pathology, however 
could not bo definitely ascertained by either palpation or inspection. Based upon 
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the report of the roentgenologist and the gastrosoopist it was decided that the 
lesion was probably an early carcinoma and a resection was indicated. Hence, a 
subtotal resection with a Hofmeister modification of a Polya anastomosis was done. 

Prom an examination of the gross specimen after the operation, and even after 
consultation with the pathologist, the nature of the lesion could not be determined 
and had to be deferred until after examination of sections under the microscope. 

Pathologio Jieport . — "The specimen consists of a partially resected stomach meas- 
uring 15 by 13 by 4 cm. The mucosal surface has lost its rugal markings in one half. 
This portion is granular in appearance and has two small areas near the pylorus 
somewhat redder than the surrounding portion and not definitely ulcerated. There 
is no evidence of depressions or scars of previous ulcers. The entire wall is greatly 
thickened and gelatinous in appearance. The serosa is markedly discolored and 
hemorrhagic. In the midportion of the serosa is a firm flat mass. Histologically, 
the entire wall is greatly thickened and diffusely infiltrated by lymphoid and plasma 



1 itcctural pattern of the wall is prcbcrved and the epithelium intact 
cells. The arc u m-anular portion wliicli, in the gross, appeared as small red- 

except at the areas by a tliin necrotic layer are present in tliis region, 

dish areas. Shallow u covered by a thin epithelium. The mass on the pos- 

The surrounding por ' ^ group of numerous small subserous abscesses. No bac- 

terior surface consists o . chronic gastritis, llultiple acute sub=erous 

teria were demonstrated, u j 
abscesses.” 
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Although, abscesses associated with phlegmonous gastritis are not xm- 
eonunon, and abscesses in contiguity with gastric ulcers are occasionally 
seen, the character of the lesion just described seems to be unique. 
During the past ten years there had been only three eases of chronic 
gastritis at City Hospital which came to operation or autopsy. Two 
of these cases were seen on the operative service and one at autopsy. 
They differed, however, in their clinical history in that there was a 
characteristic history of ulcer of several months’ duration in two in- 
stances, and in the third there was a histoiy of ulcer for several years. 
Neither, however, showed subserous abscesses. The ease found at 
autopsy presented a picture different from a chronic gastric ulcer, but 
an anemia very similar to a true pernicious anemia and nothing at all 
referable to the stomach. However, at autopsy there was a true 
phlegmonous gastritis. 

The etiology of the abscess in this case is unknoxvn. The findings, histo- 
logically, suggest that it is probably a true infectious lesion, most likely 
of low virulence since it caused so little disturbance in structuxul pattern 
and there is no large ulcer such as we see in other cases. Speculation 
might lead one to sxu’mise that this is an early form of what later de- 
velops into a phlegmonous gastritis. If this be so, it is probably one of 
the eax’liest of this type of cases operated upon. 

SIBDLXBT 

1. A ease of multiple subserous abscesses in a single locality of the 
stomach wall is described. 

2. This ease is considered unique as the literature is devoid of any 
repoi’t of a similar case. 

3. The etiology remains obsexu'e. 



ZINC PEROXIDE IN THE TREATMENT OP COMPOUND 
FRACTURES AND TRAUMATIC Aj\IPUTATIONS 
A Report of 18 Cases 


EoWI.N^ J, PcjlASKI, M.D.,^ .VND B. H. Ci-EIXOLEE, JiI.D., 
Philadelphia, Pa. 

(From the Frankford Sospital) 


^ I ^HERB is no nnanimity of opinion about the treatment of compouinl 
fractiU'es. Varions tecJiniques have been introduced and ujihekl by 
their proponents. Howevei', the fundamental principles are the same. 
They are: (1) careful niecliauical cleansing of the involved parts 
through debridement to remove all foreign material and devitalized 
tissue; (2) reduction of displacements and immobilization of the broken 
bones and adjacent Joints and muscles; (3) administration of prophy- 
lactic antigas and antitetanus serums; (4) treatment of shock and ex- 
cessive hemorrhage, if present. 

Infection is one of the most important complications in traumatic 
wounds. All of these wounds are contaminated. In fact, in many 
wounds the contamination is so heavy that despite meticulous cleansing 
and the most gentle debridement, infection occurs. Furthermore, there 
are some types of contamination which the bodily defenses seem im- 
piotent to combat. A precise knowledge of the contaminating micro- 
oi'gaiiisnis present in the wound is essential. "With this knowledge at 
hand, if hemolytic streptococci or StapJujlococcus aureus, the gas gan- 
grene bacilli, or other anaerobic bacteria are found, the surgeon is fore- 
warned and, therefore, foreai-med to take proper pj-eoantions against 


the development of infection. 

This paper, first, will review some of the recent literature on the 
newer trends in the treatment of compound fractures; second, will pre- 
sent and analyze the results obtained following the use of zinc peroxide 
in such wounds; and third, will urge that all tissue debrided from 
traumatic open injuries be cultured aerobically and anaerobically. 

Tivo methods of controlling iiifection in compound injuries are now 


■eeeiving world-wide attention; viz., (1) the closed plaster treatment, 
ilid (2) ws® ®bemotherajJentic agents. The former metliod 

'’onsists of the immediate application of a plaster east after the wound 
" made mechanically clean by the removal of all foreign matter 

' resection of ah dead tissue that can be found. No antiseptic 
r 1 ‘Vll treatment is then suspended for about a montii. TJic 
is app 16 • treatment claim that its success seems to depend 

proponen s . „,i.nce number, and variety of bacteria pre.sent fimn 
less upon the vumem , 

tor York Cily. 

•presently at ercs , 
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upon the powers of resistance of living tissue toward microbial infec- 
tion. When the tissues are put at rest, lymphatic drainage is minimized, 
and secondary contamination is prevented. As recently pointed out 
by Higgs, the method has its merits as well as its disadvantages. He 
states that the advantages are; (1) The relief of pain and toxemia; 
(2) immobilization of the limb and, at the same time, mobilization of 
the patient; (3) the promotion of highly vascular gramilatioiis owing 
to which (4) necrosis and sinus formation are exceptional and, (5) 
bony nnion takes place in a minimum of time. The disadvantages are : 
(1) The ever present danger of development of gangrene; (2) difficulty 
in maintaining reduction; (3) poor functional results, especially of 
fractures of the femur and humerus, which are said to be extremely 
poor; (4) the smell; (5) the wounds remain “messy" until the plaster 
is discarded (septic dei’matitis is common) ; (6) the quality of the skm 
growing over the fracture is poor, often ridged and thickened, and 
frequently raw areas are present. Furthermore, other observers"® state 
that suppuration may spread without visible inflammatoi’y reaction, 
causing pyoarthritis at some distance away from the wound. Pressvrre 
sores may he produced. The closed plaster method, Ti'ueta^’’ states, 
cannot be used in the presence of cellulitis or already established ana- 
erobic infection. 

The sulfonamide group of drugs has been used orally and as a local 
antiseptic to prevent infection in compound fractures. Johnson^® 
treated 36 eases of compound fractures with sulfanilamide orally, in 
addition to spliutijig, surget-y, and prophylactic antiserums. Ten of 
the cases (27 .T per cent) had gross infection in the wounds, 5 with 
Clostridium ivelchii, 5 with hemolytic streptococci on smear or culture, 
others wdth staphylococci, Bacillus coli, and saprophytic organisms. 
Three cases developed gas gangrene, and amputation was necessary in 
one. AU recovered. A fourth case developed a serious mixed bacterial 
infection and recovered. On the basis of these results the drug was 
believed “of curative value” and recommended as a valuable adjunct 
to treatment. However, lower incidence of infection in compound frac- 
tures lias frequently been reported in the literature without the addi- 
tional use of sulfanilamide, f Hermann,® 7 per cent in 39S cases; Poyner,®* 
6.3 per cent in 269 eases; Re.niolds,®’ 19 per cent in 131 eases; Ritter,®® 
9 per eeut in 100 cases.) As regards the local use of sulfanilamide as 
an aiiti.septie, Jensen, Jolinsvud, and XelsoiP described a series of 39 
contaminated compound fractures in which the usual toilet of the 
wound wa.s followed by the implantation of powdered sulfanilamide. 
All the wounds were then sutured, and all healed without infection 
except 2. I'heso 2 did not become infected until the fractures were 
rocompounded several days after being closed. In a control series of 
94 eases stmilariy treated, except for the omission of sulfanilamide, 27 
per cent of the cases were infected, including 7 cases of gas gangj-ene 
No cultures of the wounds are reported, so that u’e do not know with 
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what organisms these authors had to deal. However, the difference 
between the treated and control group is striking. The report of Stuck 
and co-workers^® would ajjpear to confirm these results, although no 
control series is presented. 

Key, Lembeck, and Burford^’* confirmed the results of Jensen, 
Johnsrud, and Nelson, and they found that the presence of the drug 
in the fi'aeture site did not interfere materially with the healing either 
of soft tissues or of bone. Key and his collaboratoz's^® state further 
that “powdered sulfanilamide in a wound is similar to a test tube 
experiment in which a concentration of the drug of approximately 
1,000 mg, is brought in contact zvith any bacteria which may be present 
in the media. In such concentrations the drug is effective against 
small numbers of streptococci. However, if the number of staphylo- 
cocci or Welch’s bacilli is relatively large, infection may occiu’. ’’ 
CampbelP repoi'ted 54 cases of compound fractures wherein sulfanil- 
amide was used both locally and systemically. He included eases 
where internal fixation also was employed. Infection developed in 10 
eases (19 per cent). Cultures of these revealed Staph, aureus in 5, 
Welch’s bacillus in 3, and Str. hemolyticus in 1. In one instance the 
infecting organism was not recorded. No control sei’ies was presented. 
Campbell states, ‘ ‘ The evidence presented does not prove definitely that 
sulfanilamide either is or is not a preventive of infection in com- 
pound fracture. ’’ He believes, however, that the results are sufficiently 
encouraging to warrant further clinical trial for evaluation under con- 
trolled conditions.’* DunhilP and Mowlem^® in referring to patients 
evacuated from Dunkirk believed that sulfanilamide orally in conjunc- 
tion with the plaster method lessened the incidence of infection, al- 
though they admitted that reliable records were not obtainable at that 
time. 

The sulfonamide group of di’ugs have not been shown to be specific 


against the gas gangrene organisms. The seven clinical case reports 
in the literature (Bohlman,^ 3; Kennedy,” 1; Johnson,^® 3) do not 
present convincing proof of the singular effectiveness of these drugs 
on gas gangrene. The experimental evidence is discouraging. Cald- 
well® Henderson and Gorer,® Legroux,'® Lockwood,’® Morales-Otcro 
and Gonzalez,’® Singer,®’ Spray,®® and Stephenson and Ross®® were un- 
successful in protecting or saving experimental animals when intra- 
muscular injections of pathogenic elostridia were given. The English 
authors found that a combination of sulfapyridine with specific anti- 
serum gave some encouraging results. 

T? flv however, we have had at our disposal another local anti- 
b'eh in conjunction with surgery, shows promise as a valuable 
septic w > ^ jj£ infection. This antiseptic is zinc peroxide, 

aid in the pre\eni. 

- , and Hughes fj. A. it. A, 117: 672, 1911) fuic mmc- 

1 -cfent article hy Canipu i Snfcctlonn atm In its cases; 

^ encourasiuS infections between the "control" and "sulfanllamido 

’’^^alSorences iu are'^t slgniflcant on checkins by the aUitlstlcal method. 
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Johnson and hleleney'’ have shown that it not only has a continuous 
inhibiting effect on the hemolytic streptococcus, the gas gangrene or- 
ganisms, and other anaerobic bacteria, but has as well bactericidal and 
detoxifying action. In 20 per cent concentration it also has bacterio- 
static action against Staph, aureus and in clinical use the 40 per cent 
suspension has a favorable effect on staphylococcus in pure or in mixed 
infections in vivo. It has been shown to be noninjurious to tissues and 
noninhibitive to the healing proeesses. Furthermore it never manifests 
any general toxicity to the patient, lleleney’s success with its use in 
chronic burrowing undermining uleei-s has been confirmed.-^ The rapid 
disappearance of the 'Welch bacillus in clinical gas gangrene as re- 
ported by Meleney*® seemed to demonstrate the efficacy of zinc per- 
oxide in that condition. WrighF- reported the use of zinc peroxide in 
osteomyelitis and compound fractures as an adjunct to the closed plaster 
method of treatment. After debridement he dressed the wonnds with 
zinc peroxide combined in the proportion of ounces of zinc peroxide 
mixed with 4 ounces of cod-liver oil. The wonnds were then enclosed 
in plaster and not dressed for four iveeks. On yedressing there pre- 
sented a healthy granulating woimd in the process of epithelization 
and free from odor. The wound was then redressed as necessary. 
Caldwell- was able to sa%m 4 of 5 animals with experimentally pro- 
duced Cl. ivelchii infected compound fractures by the use of zinc pei*- 
oxide in the wounds following debridement and irrigation. In the 
same series of experiments the use of sulfanilamide crystals instead of 
zinc peroxide re.sulted in the survival of only 4 of 19 animals. 

In compound fractures the incidence of infection is high. If the 
primary surgical procediu-e does not remove all the injured tissue, or 
is delayed, infection approaches 100 per cent. A recent study of the 
bacterial flora of 200 acute traumatic wounds confirmed the impression 
that all wounds are contaminated.'' The baeteriologie methods are 
fully reported in the previous paper. The bacteria found were : Staph, 
aureus, 104 times (52 per cent) ; hemolytic streptococci, 34 times (17 
per cent) ; nonhemolytic streptococci, 53 times (26.5 per cent) ; green 
streptococci, 18 times (9 per cent) ; Clostridia, 46 times (23 per cent) ; 
euterohaeilli, 46 times (23 per cent) ; and the anaerobic gram-negative 
bacilli, 3 times (1.5 per cent). Dirty wonnds were apt to yield hemo- 
lytic streptococci and the gas gangrene producing anaerobic bacilli 
more frequently than “clean” wounds. On the basis of these findings 
it .seemed logical to us that siiiec zinc peroxide is effective in vivo and 
in vitro agaimsf mo.sf of these organisms, its use in compound fractures 
ami traumatie amputatioms would be advantageous and would reduce 
the number of infections. Thi.s paper is a report on 18 compound fx-ae- 
ture.s and amputations treated with zinc peroxide. There are pre- 
■seuted, as a control. 23 consecutive compound fracture cases treated 
similarly, except that zinc peroxide was not used. All eases were street 
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or industi’ial accidents. All the cases reported herein were seen n’ithiji 
3 hours of the injury. 

PROCEDURE 

On arrival in emergency ward the wound was usually Srst covered 
with several layer's of an alcohol dressing, and the injured limb was 
placed in a splint. Tetanus (1,500 units) and g-a.s bacillus (3,500 anils) 
antitoxins were given. If there was gross, excessive bleeding, the 
bleeding vessels w'ere clamped. Shock therapy was institnted if indi- 
cated and immediate blood grouping for transfusion done. If the patient 
was in shock, he was given morphine, kept warm with blankets, and 
given an infusion of liypertonie saline solution and dextrose. He was 
not moved until the blood pressure, pulse, and respirations were favor- 
able, X-rays ^vere always taken befoi'e and after reduction. 

Next, the patient was taken to the operating room and anesthetized. 
The skin surrounding the wound was shaved and cleansed. The in- 
jured soft tissue was then widely exposed, with enlargement of the 
skin wound as necessary, and carefully cleansed. Cultures were taken 
of the devitalized, debrided tissue. An attempt was made to remove 
all foreign bodies, and to eliminate blood clots and dead and devital- 
ized tissue. All surfaces were carefully irrigated with copious quan- 
tities of saline solution. Soap and water were irsed to clean greasy and 
dirt-stained tissues (the use of ether for this purpose was abandoned 
because of the resultant damage to the tissues), 

.tU'ter thoroughly cleansing the wound, the fracture were reduced. 
The fragments were ret.ained properly by internal fixation or by single 
ndre traetioii on the extremity. The wound was then flooded noth a 
fi’cshly prepared suspension of active zinc peroxide in sterile distilled 
water, filling all of the nooks, crannies, and recesses of the wound. 
The wound ■svas then covered ndth a thin layer of cotton soaked in the 
zinc peroxide suspension, this in tin '/2 covered with cotton .soaked in 
water, and sealed with several layers of fine meshed gauze impi'cgnated 
with vaseline or zinc oxide ointi>!cnt. 

Tliree things are e.ssenti.nl for the siicoe.ssinl use of zinc peroxide : 

1. It must be an eft'eetive preparation (da Pont zinc pcra.xide dis- 
tributed by Merck and by Maliineki-odt is satisfactory). 

2 It should be brought into contact with every part of the woimd 
as a creamy suspension (about 40 per cent in stei'ilc water). 

^ 3 It should be kept wet Water faeilitate.s the eontiiiuoiis prodtic- 
tioii of fresh hydrogen peroxide as the oxygen is liherated from the 

d^es^sin"^daily or every second day was done, depending on the indi- 
Keai o pero-vide wa.s found inh 

vidual ease. nJone. Ifowevei-, on irrigating the 

herent to the particles and whatever exudate w.a.s 

wound and ren ” , , minimal inflamiiiatory rcaclion a/id 

present, one was struck bj 
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RESULTS 

The control series of 23 consecutive compound fractures admitted to 
the hospital during 1938-39 are presented in Table I. This series is 
comparable to the inpatient eases in the zinc peroxide group. The out- 
patient record of the non zinc peroxide-treated compound fractures 
does not permit a comparison noth the zinc peroxide eases treated as 
outpatients. In 16 cases of the control series no infection developed. 
In 2 other eases 1 patient died 9 hours and the second 36 houi’s after 
admission, and there was no clinical evidence of infection. Five cases 
(21.8 per cent) developed infection. In 7 cases the wounds were 
closed. Infection (gas gangrene) developed in 1 of these (14.2 per 
cent). In 16 eases the wounds were left open. Infection developed in 
4 (25 per cent). In 1 the stump of an amputated arm appeared in- 
fected at the time of death, the second day after injury. The second 
was a mixed infection due to Staph, aureus and hemolytic strepto- 
cocci. The third was a trivial infection from which no cultures were 
taken. The last ease developed a Staph, aureus osteomyelitis. The 
differences in percentage of infections between the closed and open 
wounds is partly explained by the fact that only the most favorable 
cases, as regards degree of contamination and devitalization of tissue, 
were closed. The more serious and dirty wounds were left open. Four 
of the patients in this series died. There were no deaths attributed to 
infection. 

The treated series covers a period of one year, beginning July, 1939, 
during which 18 cases of compound fractures received zinc peroxide 
locally in addition to surgery, splinting, and administration of tetanus 
and gas bacillus antisera. There were 10 injuries to the phalanges, 1 
crushing injury of the foot, 1 fracture of the tibia and fibula, 2 trau- 
matic amputations of the humerus, and 4 fractures of bones of the 
skull. In 13 patients the wounds were left open and treated with zinc 
peroxide, and no infections developed. From 5 of these hemolytic 
streptococci were cultured from the debrided tissue fragments, from 3, 
nonhemolytic anaerobic streptococci, and from 2, Cl. welchii. Staphy- 
lococci were present in conjunction with these organisms in every case. 
In 1 patient the wound was left open and treated with 10 per cent 
mercuroehrome and boric acid compresses. Infection developed yield- 
ing hemolytic streptococci but cleared rapidly with the change to zinc 
peroxide applications. In 4 patients the wounds were closed following 
dclu’idcment and reduction, and each wound subsequently became in- 
fected. Two yielded hemolytic streptococci on preliminary culture; 1 
also had an aerobic nonhemolytic streptococcus, and another, B. an- 
thrncis. In the fourth case no cultures were taken. After openin" 
the wounds and treating them with zinc peroxide, tlie infections 
promptly cleared. There were 3 deaths in this series. Two were in 
men over 70 years of age and were attributed to uncontrollably severe 
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shock and myocardial failure. The third death was twenty-four days 
after the accident and was due to a hemolytic streptococcus, cerebro- 
spinal meningitis, and pneumonia. Sulfanilamide and sulfapyridine 
were not e&eetive. The wounds in all 3 patients were benign and heal- 
ing at the time of death. 

COMMENT 


Zinc peroxide dressings bi'ing about a prompt visible change in the 
appearance of the wounds treated. Por the first two days the surface 
of the wound is gray with adherent particles of the zinc peroxide. One 
is struck by the absence of any swelling, redness, or other indication 
of inflammation. On the thii'd or fourth day pinpoint gi-anulations 
appear and rapidly spread over the entire wound surface. The new 
tissue is bright, shiny, red, and firm, and there is no evidence of the 
invasion or activity of micro-organisms. The change of dressings every 
day or every other day does not disturb the immobilization of the frac- 
ture. The dressing probably could be left much longer without chang- 
ing. Meleney^’ has left zinc peroxide dressings as long as nine days 
in the perineal wound of an abdominoperineal oper-ation. Wright-® has 
left them sealed under plaster in compound fractures for four weeks. 

Zinc peroxide does not interfere with the radiographic evidence of 
callus formation. Although it is radiopaque, it can be easily distin- 
guished. It does not get lost in the interstices of the wound but is 
discharged by the proliferation of gi’anulation tissue. Because it is 
not absorbed, it should not, of course, be used in wounds which are to 
be closed. In open wounds, however, with the use of zinc peroxide, 
serious infections with gas gangrene organisms, and other anaerobic 
bacteria, as well as with hemolytic streptococci and other susceptible 
organisms, are avoidable. Infections due to susceptible organisms re- 
spond rapidly when the drug is brought in apposition to the infected 
tissue. Zinc peroxide never manifests any general toxicity to the pa- 
tient. Its use in compound fractures obviates the objectionable odors 
attendant upon the closed plaster method. Wiile the series is .small 
because of the termination of resident seiwiee, the results obtained are 
sufSciently encouraging to warrant fm-ther use of zinc peroxide pro- 
phylactically in the prevention of infection in compound fraeture.s. 

SUMMARY 


1 The recent literatiu'o on compound fracture therapy is reviewed. 
9 Traumatic wounds are ahvays contaminated. The most virulent 
inatin" organisms are the hemolytic streptococci, the Clostridia, 
p anlierobic organisms, all of which arc susceptible both in 
tube and in vivo to zinc peroxide. 

^ pjj 13 cases of compound fractures and traunintia 

3. The resu ^ Thirteen wounds 

amputations tica , ..|j ^inc peroxide healed without infection. One 

left open and treatea 
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wound left open and treated with. 10 per cent mercurochrome and boric 
•acid became infected. Infection promptly cleared with zinc peroxide. 
Four wounds closed primai’ily became infected ; on reopening, zinc per- 
oxide therapy rapidly cleared the infections in each case. In 23 “con- 
trol” cases not receiving zinc peroxide treatment, the incidence of in- 
fection was 21.8 per cent. 

4. The method of using zinc peroxide in these cases is given in detail. 

5. Finally, a plea is made for the routine aerobic and anaerobic cul- 
ture of all traumatic wounds. Precise Imowledge of the bacterial flora 
contaminating such wounds is essential, not only for the anticipation 
of and the prevention of infection, but also for the proper evaluation of 
the results of treatment instituted to combat it. 
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TREATMENT OP FRACTURES IN THE NECK OP THE 
HUilERUS WITHOUT BDIOBDuIEATION 


Edwtst 0. Geckelek, M.I)., Philadelphlsl, Pa. 

(From the Fracture Service, BaJineinoHti ileiical College and Eospital) 

F racture in tRe upper end of tPe hrunerus is a common occurrence 
in pex-sons of advanced years, and imtil recently the permanent handi- 
cap which followed this injury was almost a foregone conclusion. Most 
of these fractoes unite mthin a few weeks under any form of treatment, 
but with former methods as attention was directed to the fracture alone 
the end result in many instances was a poorly functioning limb. The 
disabilitj' not only was caused bj' adhesions and contractures which 
occurred in the shoulder joint from binding the arm to the chest, but 
also was due to prolonged immobilization of the other joints in the dress- 
ing- 

In order completely to reduce and immobilize such a fracture, and to 
prevent much disabling tightness of the shoulder, we formerly used 
plaster of Paris spicas or body easts, which held the lower fragment 
of the humerus in the abducted position to meet the upper fragment. 
Fractures rvithout displacement also were immobilized in partial abduc- 
tion, in order to prevent the disability which resulted from binding the 
arm to the chest. However, although these body casts maintaiued com- 
plete reduction and prevented the disabling contracture of the shoulder 
caused by the Velpeau dressing, their heavy weight and awkwardness 
were a great burden to these older patients. Furthermore, such complete 
immobilization of the entire limb in plaster of Paris left the patients 
xvith the same muscular weakness and stiffness of joints which bandaging 
the limb to the body had produced. Our dissatisfaction with results 
prompted us to treat this injury in an entirely different maxmer. 

BECEXT DEVELOPilENTS 

Watson-Jones^ has simplified the treatment of fractures in this loca- 
tion by disregarding the customary classification of the anatomical and 
surgical necks of the humerus, dividing them into the abduction and 
adduction forms. The essential feature of reduction in most instances is 
moving the distal or shaft fragment to meet the proximal or immovable 
fragment, by adduction or abduction according to the displacement. The 
fragments will remain in a relatively normal position after reduction, 
providing the arm hangs at the side of the body, without support to the 
elbow. The hanging position for fractures in the neck of the humerus 
is rational. In discussing fractures above the insertion of the peetoralis 
Griswold= calls attention to the squeezing effect on the fragments 
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to the arm and foreaim with the elbow held at a rigid angle; a loop of 
bandage is fastened to the iilaster at the wrist, and this bandage is passed 
around the neck to form a sling. While wearing this the patient per- 
forms relaxed swinging exercises frequently, these exercises beginning 
the day after injury. This method was found to be a decided improve- 
ment. The atrophy caused by complete immobilization was prevented, 
and early exercises prevented limitation of abduction and rotational 
movements at the shoulder. A number of impacted fractures then were 
treated b}^ earlj' exercises alone, with excellent results. 



A B. 

Fig 2 — A H M Severe fracture before treatment Note the rotation of the head, 
and extreme displacement of the shaft of the humerus B Same fracture as shown in 
A, after application of a simple sling from the neck to the wrist The alinement of 
the fragments, although not perfect, nas satisfactory and union with good function 
a as secured by lelaxed moiements without immobilization 



Pig 3 — Relaxed abduction and circumduction exereises nf 
films are shonn m Fig 2 This photograph wm made of the th^?ddav after® 

Note accoiiipanj mg injurj to the soft structures “ tniru aa> after injurj. 
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by iong-itudinal muscles while traction is made with the arm held parallel 
to the body. Howard and Bloesser® have shown that tejjsion of the 
tendon of the long head of the biceps controls the upper fragment by its 
pressure in the bicipital groove while the arm hangs by the side of the 
body, and the weight of the arm itself causes slight traction. Much 
less traction is needed in tlie adducted position than while the arm is 
held in abduction. Occasionally, in fractures Iiigh in the neck with 
marked addnction angulation, reduction can be obtained and maintained 
only by wide abduction. Obviously, in these cases the hanging position 
is contraindicated. 




-t 4 'Typical fracture in tlie neck of the iimuerua. siiowinj; effect of muscuiar 

in displacement of the fraffinonts. i?. Satisfact£>t-3' aiinomotit produced by 
the Suction effect of the weight of the ami in the hanging poiiition. 


PiJfiSOXAL EXPERmXCES 


For several years I examined ii-actiives in the neck of the humerus 
vmder the lluoroscope to detemiinc definitely wliieh ea-sas were injpaeted. 
The routine treatment for imparted fraetnres was rest in a .sJin”- for two 
/ , -ivhiclj activity was encouraged; in a niunhev of instances 

tieuts were ohseiweil to have eommeneed cxen-iscs of their own 
the pa (jio simple form of hanging 

accord, as , {faction a.s originaliy advocated hy I'ahlwclP ami 
cast for am cosmueuded hy O’rwwold and otln-rs was used ( ‘ahlwell 's 
subseQUeniL fconi the usual routine of eompletr and eontinn- 

method'' is a epar of a heavy piaster of Paris east applied 

ous immobibzation, anu 
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movements at the shoulder joint. Use of the hand and elbow for light 
occupations about the home is encouraged. The psychological element 
of this treatment also is helpful, as relaxed voluntary movements over- 
come the fear and consequent delay in recovery which are common after 



Fig. 5. Fig. 6. 

Pig. S. — Simple sling from the neck to the wrist used for these fractures. The 
fragments are controlled by the traction from the weight of tlie arm, and by muscle 
tension. Note that the elbow is held at a right angle, and that this sling produces 
slight abduction at, the shoulder. 

Fig. 6. — Double exposure. Flexion and extension at tlie shoulder secured by the 
"sawing" exercise. 



Fig. 7. Fig. s. 

Pig. 7. — "Dipping" exercise, with the shoulder rcla.\cd in stooping. 

by swinging movements, with the arm hanging in abduc- 
tion. The patient must bend forward as far as shown. These relaxed movement^ 
performed completely by the average patient within six neeks after inlu^ In fht 
mne weeks. voluntary movSnts after 
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The favorable experience with impacted fractures treated by im- 
mediate voluntary motions, without immobilization or even a hanging 
cast, led to treating the unimpacted fractures in the same manner. This 
treatment was prompted by the obseiwation that the fi-agments in un- 
impacted eases Avere held relatively immobile by muscle spasm, and that 
early relaxed movements by the patient as in stooping did not disturb 
the fragments or cause pain. There were numerous eases in Avhieh con- 
siderable movement of the fragments Avas noted under the fluoroscope, 
yet even in these instances a Avide range of shoulder motions AViis 
obtained Avithin a shox't time because the aim Avas treated Avithout the 
customary immobilization. Later several extreme cases in Avhich the 
fragments were markedly displaced Avere manipulated, and after reduc- 
tion Avere treated in like manner. It was obseiwed that cases of fractures 
caused by such indh’eet violence as falling on the outstretched hand 
recovered in a relatively shorter time, although comminuted fractures 
Avhieh were caused by direct foi’ce as falling on the side of the shoulder 
usually were followed by a longer period of disability on account of 
greater soft tissue injmy. All of the fractures united Avithin eight 
Aveeks. 



„ 4 1 and n — J- C., asred 68 jcars. Tjpfcal case, tiio fr.iKriii 

to!,, .mnacted but movable. Complete restoration of function .after 
after injury- shows union. 


Topical case, liio fnifiriiunts bcln?? nmd* r- 
ten uioks X-m 


These results demonstrated that easy, rehtxed nioAcmenrs pruvciit 
useular atrophy and limitation of shoulder function, and at the same 
do not interfere with union. The patient Avill not move the limb 
f ™Ler than to the point of discomfort, which range increases In 
t tl AS there is n® liability to displace the fragments. AbsoJiiteh 
day, an^ vements are given, a-s manipulation AAOuld interfere with 

...a arm cannot bo rai^efi fonvard or 
AAnion. In stooping, the arm can be swung by relaxed 

outward voluntanb, but, 
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of inunobilizcitiou. In sll of tho instnuccs tliGVQ is R progressive 
return of shoulder motions, and union occurs as rapidly as in those 
treated by complete immobilization. Even in severe eases the sling from 
the wrist to the neck can be discarded after three or four weeks. Ob- 
viously a good result depends upon the complete cooperation of the 



A. s. 

Tie S A and B — L G, aged Si years Fiacture without impaction tVithm six weeks 
after injury there was a free range of the related movements and Ann union. 



■ twUnwin" out the prescribed cxerci.ses thorougiiiy and often, 
patient m Actions and check-up by the uttending pht-,ici.m .ire 

and repeatea i tiitten casi.s f tiiMtuI .uni under my sirjierv i'.ion 

neccssao'- In allot then 


gegicelee 


a?KEATJIElSIT OF FBACTUEES WITHOUT IJIMOBILIZATION 
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ao pel’ conTof n*iVniaf uTtor°five*^iiionths**'°^°^°'^ range of relaxed movements in six weeks; 75 per cent of normal range at end of oiglit weeks; 
No^'fui'thein'oilmv-ifp coopciation and relaxed movements. Result at nvo weeks was 50 per cent of normal function. 
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Fitr. 19. — S T, so yeais ot ago Good cooiieiatfon in jolaxcd cxeicists, 75 pei ocnt ot noiinal lango of movements by tentli weelc 
Pig 20 — 13 Y., 70 yoais of age Aveiage laiige of leiixed moviments by end of ‘•ix weeks Continued improvement, with GG nor cent of 
noinud function on last visit at nlntii w<ok 
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the ftmetional results were good. In three eases even without complete 
reduction the function was satisfactory on account of the preservation 
of movements. 

SUMMARY 

A simple and effective ti’eatment for a majority of fractures in tlie 
neck of the humerus has been described. Its chief feature is the 
preservation of movements in the limb, in contrast to the former cus- 
tomary immobilization which often was followed by permanent limita- 
tion of movements and wealcness. This method consists of supporting 
the TO'ist Avith a sling- and encouraging immediate relaxed exercises. It 
is an exception to the general rule that all fractures must be immobilized 
for at least a preliminary period. Careful observation shows that the 
method described does not cause delay in union. It is recommended for 
all fractures in the neck of the hnmerus, except when fracture-dislocation 
or decided displacement exists. 
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TIBIAL EPIPHYSIOTOMY FOR SEVERE GENU RECURVATTOI 

Ross Sdtherl-vxd, M.D., Los Axgeles, Calif., axd 
M. John Eo\ve, Je., 3I.D., Long Beach, Calif. 

(Fiom the Tichenor Orthopedic Clinic, Loup Beach) 

T he correction of severe paralj'tie genu recurvatum is a major prob- 
lem. Many surgical methods advocated have consisted of soft tissue 
corrective work which eventually has often allowed regression to the 
original deformity bj'" action of the original causative factors. 



Pig. 1. — Tibial epiphysiotomy •with -wedge grafts from tibial cresL 


The procedure here presented arose from obseiwation of the necessity 
of splinting fractured tibial spines in complete knee extension to prevent 
flexion deformity. Recent woz'k^ has confirmed the belief that the tibial 
spines and anterior articular surfaces are the onlj- bone block to ex- 
tension of the knee, tlie other limiting factors being soft tissue (capsule, 
lateral and cruciate ligaments) and muscle action. Brett' has described 
a meth od of correction by elevation of the anterior articular surfaces 
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of the tibia in the mature adult aftei’ closure of the epiphyses. A com- 
prehensive report® has demonstrated that all growth in length of the 
long hones occurs on the diaphyseal side of the epiphyseal line and that 
articular cartilage growth is at the articular surface. 



. 1 . n 

2.~ParaIytiC scmi recur^at»,n it T.v.-hc post. 


('-oerience has shown that rornx-ti'.c snrifical piwfdures should 
? of all possible adapthc |.ifH-,'sscs of ihc growing cliihi, sm-li 

malte use ^ earliest i)os..,ihi« time after the imliea- 

procedures s » ^ ^vlien htwih ami not h.-inn ejin he done to the 

tion becomes evi corollary to the studies mentioned, a linear 

individual- -sa ° idea) simjde met))ot3 of coinetino o,,, 

tibial epiphysiotom} 
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deformity of genu recurvatum by using the normal mechanism of the 
knee joint to prevent hjT)erextension and to establish correct alignment 
of the leg. The fear of epiphyseal injury in this area has been dispelled 
and neither the epiphyseal growth area nor the joint is disturbed. 



B 

Fig 3 — X-ray ui complete extension A. Prior to operation B. Twelve weeks Dost 

operatively. 


The procedure used consists of a longitudinal incision over the an- 
terior aspect of the knee and upper half of the tibia. The patellar 
tendon is sectioned, the joint inspected, and the epiphysis and upper 
third of the tibia exposed. With a wide thin osteotome, a linear oste- 
otomy is made across the middle of the epiphysis parallel to the articular 
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surface and extending almost to the posterior cortex of the epipliysis. 
This is gently pried apart anteriorly and wedge-shaped grafts taken 
from the tibial crest are inserted firmly to maintain anterior distraction. 
The recurvatum is corrected entirely at time of surgei'y. The patellar 
tendon is sutured, the wound closed, and a long leg east applied with tlie 
knee in moderate flexion. Immobilization for about twelve weeks in 
childx’en gives firm union. 

The case presented is that of a 10-year-old girl with a completely 
flail leg which has shown remarkable increase in stability following tliis 
procedure but which will require additional stabilizing procedures on 
the foot, ankle, and possibly the hip. 

A method of correction of genu z’eeiirvatum is presented, using the 
normal physiologic knee-joint meelianism to block hyperextensiou by 
zugid structures, which is performed during the growth period, tlms 
obviating long-continued brace use and increase to more severe de- 
formity during the wait for epiphyseal closure. 
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BLASTOJITCOSIS OP BONE 

A Kctiew op 63 CoLi^EcTED Cases, of Which 6 Eecovered* 

Robert Randolph Jones, Jr., M.D., and Donald S. jMartin, M.D., 

Durham, N. C. 

(From the Departments of Surgery, Bacteriology and Medicine, Duke University 
School of Medicine and Duke Hospital) 

TN REVIEWING the literature on generalized blastomycosis we have 
^ been able to collect 63 eases which showed evidence of bone involve- 
ment. Six of these patients recovered after treatment, 3 were not fol- 
lowed sufScientl.y long to determine their end residt, and 53 died of the 
disease. The detailed case report aeeompan 3 'ing this article (page 939)^' 
records the histoiy of a seventh patient with bone blastomycosis who was 
cured after prolonged treatment. Because of the usuallj’- poor thera- 
peutic results, Ave believed it of interest to summarize our present knowl- 
edge of this tj^pe of infection and to outline certain studies Avhich we 
have found A'aluable ni the diagnosis, prognosis, and treatment of the 
disease. 

Although the cutaneous tj'pe of blastomycosis is familiar to most 
physicians, the generalized foi'm of the disease is less easilj' recognized 
unless it begins with characteristic skin lesions. However, the first signs 
of infection maj' be the presence of abscesses in the subcutaneous or 
deeper tissues. These lesions may resemble either the tuberculous-like 
“eold”. abscess or maj' be of the acute pjmgenic inflammator 3 >- type. 
More commonlj' the initial sj'mptoms are pulmonary, characterized by 
the development of a cough productive of small amounts of mucoid 
sputum. Pleural pain may be the presenting sjmiptom. In 13 patients 
with bone involvement the primaiy complaint was ax’thritie pain in the 
back or about the joints of the extremities. In 2 cases uuth bone lesions 
the initial diagnosis was “articular rheumatism.” 

In the majority of eases the course of the disease is that of a chronic 
febrile illness with progressive loss of weight and strength, a moderate 
seeondarj' anemia, and leueoeytosis. The pulmonary symptoms may 
dominate the picture, the patients haA’iug cough, varying amounts of 
sputum, hemoptysis, or pleural pain. Often there occurs progressive 
development of soft tissue abscesses with or Avithout bone involvement. 
In allergic patients these abscesses may develop very rapidly, show 
signs of acute inflammation, and contain a bloodj^ tenacious exudate. 
If the degree of allergy is less marked, the “eold” abscesses contain 
thick purulent material. If these break through the skin or are drained 
they frequently lead to the formation of chronic sinuses which drain a 
thin ye lloAV pus. The foci of infection in the bones of the extremities 

•Aided by a grant of the John and Mary H. MarWe Foundation. 
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(Table I), if located near the epiphyseal Hues, may extend into joints 
and form pyax'tbroses wliicli in turn may di’ain. to the surface tbrongb 
cbronie siniises. Paravertebral or psoas abscesses may form from ex- 
tension of spine lesions (Table I). Usually the patient succumbs with 

Tabce I 

Distkibotion or Bone an» Joint Lesions in 03 Keported Cases op 
Generalized ISMstomycosjs 


LOCATION 

NO. or 
CASES 

LOCATION 

NO. OF 
CASES 

LOC.STION 

NO. OP 
CASES 

Vertebra* 

2S 

Shoulder 

1 

Hip 

3 

Skull 

21 

Elbow 

7 

Knee 

n 

Eibs 

IS 

TJlna 

4 

Tibia 

16 

Stermim 

S 

Sadins 

2 

Fibula 

6 

Clavicle 

4 

Carpus 

10 

Patella 

3 

Scapula 

2 

Metacarpals 

a 

Tarsus 

11 

Pelvis 

5 

Phalanges 

3 

3fefatars>!s!s 

10 

Humerus 

4 

Femur 

5 

Toes 

3 


'Paravertebral abscesses were present in 11 cases. 


a widespread infection involving' not only his skin, soft tissues, lungs, 
and bones but also the lymph nodes, spleen, liver, and kidneys. In some 
cases the central nervous system, prostate, heart, and peritoneum have 
been affected. 

Our present concepts of the gt'oss and microscopic pathologic changes 
in this disease are based largely on Stober's®"* description of the necropsy 
findings in a large series of eases reported from Chicago, TJje sJtin and 
I’espiratoxy tract are the chief portals of entzy, and from eitlscr site 
there is a marked tendeney for the disease to spi’ead by direct e.vtension 
or by contiguity of tissue. It is well to note here that two of Stobor’s 
eases developed systemic blastomycosis directly following ciircttement 
of skin lesions The pulmonary infection appears first in the bronchi 
and these lesions spi'ead to become assoeiatcd with bronclmpnenmoiiia 
in the adjacent lung. The pleizz'a, the perieardinm, and the mcdiiistinal 


lymph nodes may be involved by lymphatic extension from the pul- 
monaiy focus. Having entered the blood .sti-eam fi'om the Jung or the 
skin, the orgaui.sms may be dis-seniinafed throughout the body to pro- 
duce multiple metastatic foei These, in their turn, may cause further 


blood stream infection and reinfevtwu of the lungs’ and otlier tissues 
By this means the skin, the snbetdaneous tissue, the miiseles and hrmc'^ 
and all the important viscera may be involved 

The tissue reaction to the presence of the organism m.iy he quite 
’ariable Usually the infected areas show rmnid-cell infiltratiou. not 
' freauently associated ivith polymorphomieiear hmeoeytes. or giant 
^ ^ botii However, blastomyectes' may be found in tissues showing 

lktolo"ic cltauge, or the only alteration noted may he small areas 
no Ju . necrosis with abscess formation is common The 


necrosis. Extensive necrasis witti ans.-ess i 
iesious of the dLse.i.se are the euti! 


typical gro^ tHberele-Iike nodules in the viscera 
,perficial abscesses, and 


UtiUltoUs ulcers, the drej) ,iiid 
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In bone the infection may be a localized oi' a diffuse osteomyelitis, a 
periostitis, or, if a joint is involved, an arthritis. In the long bones the 
primary focus usually is found at the epiphyseal line and at times the 
areas of bone destruction resemble infarcts. Microscopic sections show 
many fungi invading the maiu’ow compartments with the usual cellular 
reaction, necrosis of the marrow cells, and bone destruction. As the 
bone partitions disappear, the separate foci may become confluent and 
form abscesses with separation of sequestra. The joint usually is in- 
fected by extension from a focus in adjacent bone through the synovium 
or cartilage. 

The clinical diagnosis of blastomycosis may be suspected from the 
history and the physical findings. However, a similar picture can be 
produced by infections with other fungi, tuberculous osteomyelitis, and 
tertiary syphilis of bone. One of our patients, with lesions of the chest 
wall and ulna, was thought, to have an Ewing's sarcoma until further 
studies disproved this impression. To establish an unequivocal diagnosis, 
the clinical impression must be supplemented by laboratory studies. 

The isolation and identification of Blastonnjces dermatitidis from in- 
fected secretions or exudates is proof of infection and should be at- 
tempted in all eases. The eharaetei’istic double-contoured organisms 
usually can be seen by direct microscopic examination of imstained 
material and the diagnosis can be confirmed by finding the organisms 
in fixed tissue biopsy sections stained with hematoxylin and eosin. 
Tissue examination and cultm-es, however, are time consuming and we 
believe that aspiration, drainage, curettage and biopsy often are best 
deferred iintil the patient's allergic r-eaetion has been determined by 
skin tests with a vaccine made from heat-kiUed Blastomyces. This test 
and the complement fixation test to be described are also of diagnostic 
value. 

The skin tests are done with a heat-killed vaccine. This vaccine is 
prepared by suspending, in sterile saline solution, the yeastlibe organ- 
isms from a cnlture of Blastomyces dennatitidis grown on blood agar at 
37° C. This suspension is centrifuged in a Hopkin’s tube and the sedi- 
ment suspended in enough saline solution to make a 1 :1,000 dilution by 
volume. The standardized suspension is heated to 60° C. for four hours 
and tested for sterility by heavily inoculating a blood agar slant and 
meubating at 37° C. for at least ten days. Tricresol, 0.35 per cent, is 
added as a preservative. This material is used for skin testing by in- 
jecting 0.1 c.c. intracutaneously. Usually an ai-ea of erythema appears 
about the site of injection within fifteen to twenty minutes. This reaction 
is not specific and is found in patients having pulmonai-y disease of other 
types. The characteristic positive reaction, beginning after tAvelve to 
twenty-four hom-s and reaching a maximum in two to four days, re- 
sembles closely a positive tuberculin reaction. In very allergic patients 
a sterile abscess may foian at the site of inoculation. The occurrence of a 



934 


susamr 


positive reaction may be taken as presumptive evidence of tke presence 
of a blastojuycotic iufeetioa and this diagnosis is strengthened further by 
finding of complement fixing antibodies in the senun of the patient. 

The coinpienient fixation test specific for Blastomyces dcrmatitUlis 
has been described by one of us (D. S. M.),®® and can be done in any 
laboi’atory equipped to do blood Wassermsun reactions. The propor- 
tions of matei'ial and reagents are the same as used in the Wassenuami 
test except for the substitution of a fungus suspension for the beef-heart 
antigen. Both of these procedures, i. e., the test for sensitivity to lieat- 
Idlled Blastomyces vaccine and the complement fixation test, ean and 
should be carried out as initial studies on patients suspected of having 
blastomycosis. 

When reviewing tlie reported cases of blastomycosis, one frequently 
encounters instances wliei'C the diagnosis is based on the finding of the 
typical double-contoured round or oval bodies in secretions or exudate.s. 
These organisms should ahvaj's be searched for, although finm a diag- 
nostic viewpoint the demonstration of organisms Blastomyces denna- 
iitidis in secretions or exudate.s should not be considered unequivocal 
proof of bhistomyeosis. Benham has enjphasized tiie fact that otlwr 
fungi causing generalized lesions may appear as rounded bodies in 
tissue fluids. Some physicians, unfamiliar with the appearance of the 
fungus, have bad some difficulty in clistingiiishing between these organ- 
isms and fat globules, disintegrating white blood cells and artefacts in 
sodium hydi'oxide preparations. 

In addition to these studies, it is important to obtain roentgouograuis 
of the chest in all eases of suspected infection because the lungs are the 
most common portal of entry of tlie fungus. lioentgenogranis also uniy 
be made of any bone thought to be involved by the infection and pnrticih 
lav attention sboidd be paid to the possibility of spijic lesions in patients 
who complain of backache. Plates should be taken at four- to six-u'cek 
intervals to follow the progre.ss of the bone lesions. In the case of a 


solitaiy bone lesion, it may be difficult for the roenfgeiiologi.st to dif- 
ferentiate between tuberculoii-s osteomyelitis, a primary osteoela.stie 
tumor (such as Ewing" ’.s .sarcoma and tuyehmui), and gumma of bone. 
However, when there are multiple bene lesions, a roeiitgeiioiegie diag- 
no.sis of blastomycosis ean be suspected. Well -local ixed, sharply tlefiiied 
destructive pimce-sses in the inetiiphr.se.s, when uuiltiple, suggest li/as- 
touiveosi-s rather than the other conditions listed above. It has been 
sfted that roeiitgenologdc differentiation between hhistoiuycosis and 
. '’’idioidal grannioma is diffimiU if not inqiossih/e. 

\ {ji any'"cbronic debilitahmg' illness, general bygimiir measures are 
• ■ nortance in the treaiment of patients having geiierali/.cd 

of fiist niq p.qieiits imvini.' this disease usnally are individuals 
blastom'CQsis. ^ ctauw is poor and who have been on an inndeipiate diet 

whose economic adefpiatt* diet are cs'-jitial. The 

for mouths or years. 
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diet should be supplemented by the administration of eod liver oil, 
large quantities of oi'ange or tomato juice, and brewers ’ yeast. Anemia, 
it present, should be treated appropriately. The administration of 
potassium iodide is best deferred and the care of the local lesions should 
be purely palliative and conservative until the diagnosis has been 
established and the patient’s allergic status determined. 

The skin test with Blastomyces A-aeeine serves not only as a diagnostie 
procedure but also as a means of determining whether or not the patient 
should be desensitized. If the vaccine produces a sterile abscess, desen- 
sitization should be started with a dose of 0.1 c.e. of a 1:1,000 dilution 
of the vaccine (a 1:1,000,000 dilution of the original material). This 
is administered no more frequentty than every other day and the dosage 
is kept below the point of causing a local or general reaction. Less 
sensitive patients can be stai-ted with a higher initial dosage. After the 
degree of allergj’^ has been reduced, as judged by skin testing, iodides 
may be administered cautiously. We usually give a saturated solution 
of potassium iodide ; beginning with 3 drops t. i. d. and increasing 1 
drop per dose every day until tolerance is reached. In the case of an 
exacerbation of symptoms following the taking of iodides, the drug 
should be discontinued promptly and further attempts made to desen- 
sitize the patient. Complete desensitization is not thought necessary; 
however, the Blastomyces vaccine should be given until iodides are 
tolerated without unfavorable reaction. Beyond this the patient’s 
need for the repeated administration of vaccine may be prescribed ac- 
cording to the judgment of the physician. 

The care of the local lesions is best limited to conservative measures 
until desensitizatiou is well under way and the administration of iodides 
has been started. Aspiration of deep or superficial abscesses may be 
done early when this procedure is necessary to establish a diagnosis, but 
it is best deferred until after medical treatment has been given. Open 
drainage of abscesses, curettage of ulcers or sinuses, and sequestrectomy 
are thought to be contraindicated in generalized blastomycosis by some 
observers. We believe that these procedures may be necessary at times, 
but that they should not be done until partial desensitization has been 
accomplished and iodides have been administered. Although amputa- 
tion has been reported as cui’ing at least one patient and may be in- 
dicated when the bones of the foot and ankle have been extensively 
damaged, the generalized nature of the infection should be kept in 
mind and this procedure used only as a last resort. In our expei-ieuce we 
have encountered one patient with blastomycosis of bone who showed 
no evidence of skin sensitivity to Blastomyces vaccine. The treatment in 
this case is recorded in a subsequent report (page 939).^' 

Potassium iodide was given to all six patients who recovered from 
bone blastomycosis (Table II). Three of these also received helio- 
therapy which was believed to be beneficial. Two patients were "iven 
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Table H 

Cases op Gbnebvlieed Blastomycosis With Boije Lesions Wihch EEcoraREo 

1. Hernck:23 Winte, female, 24 yeais of age. Onset nith rheumatic pains in left 
gluteal regioa. Subsequently developed seientynme different lesions which in 
some instances, as m the case of the fingers, destroyed bone. Treated uitli 
potassium iodide by mouth and drainage of the local foci. No improvement until 
moved residence to Calif orma and lived out of doors, Heeoiery after an illness 
of three years' duration, 

2. Bonghton and Stoberis White, male, 29 years of age. Onset uitli pain m the 
chest, cough, fever, and ueakness. The dorsum of the feet became snoUen and 
tender and the initial diagnosis was “rheumatism." Total of tuentyfour le 
sions developed, including multiple abscesses and foci in the upper and loivcr 
ends of the right tibia. Treated first with potassium iodide for two and one 
half months but without improvement until blastomyees vaccine given. The latter 
caused inflammatory reaction about lesions but was followed by healing. Boent 
genograms showed evidence of bone healing and recovery after further tieatnient 
with potassium iodide and laccine. Ileported as .apparently nell eighteen months 
after the onset of first sjauptoma 

3 Marshall .-35 White, female, 50 years of age. Onset with generalized weakness, 
loss of weight, and swelling of the right foot. Skin lesions appeared followea 
by afternoon eleiations of temperatuie. Roentgenograms slioued osteomjelitis 
of the metatarsals, osteoporosis of the cuboid, astragalus, and both maUcoh. 
Treated with x ray therapy over the skin lesions, potassium iodide, and sun hatns 
Gradual recovery occurred although smeral new nodules appeared after starting 
treatment. It was thought that the daily sun batlis were largely responsible for 
recovery, although one of the attending physicians ascribed 
Nray therapy. After a winter in Florida, patient was apparently well om, jear 
after the onset of the infection. 

4. Gillies ;i9 Wlute, male, 15 years of age. Onset with sore ^*'roat, hoarsencs , 
cough, expectoration, and loss of weight. About the same time “ 

came swollen and three weeks later a draining sinus dei eloped. 
of the chest showed an infiltration of the left lung and films of the 
an osteomyehtis of the tarsus. Six months later the foot was amputated and 
Lli^tomvcetes found in the specimen. Meanwhile ulcers had developed on the 
STrm and ler Potassium iodide was started nine months after onso and 
hehotherapy intensified The patient was apparently well one jear after the 
nnsfit of symptoms ami has remained so for si\ jears, . 

3 Berastronf Nugent, and Siudem Colored, male, 49 yc.ars of age. Onset vvith 
M “boxl” on his leg. Multiple skm lesions developed and roentgenograms shovved 
the tones of one hand, in the left niaMlla, and m the bones of bo 1. feet. 
T^ea ed With neoarspheiiamine, potassium iodide m nulk, antimony 

intravenously, and with 3 c.c. of colloidal copper rntramiiseulirl} ncry 
for tvventv doses. Pile per cent iodine omtiiient vv.ia used on the local 
^ve ^ imnroCcuient imtiJ the ad/minitratiow of the coHoidal copper intnv 

lesion hut^thcrcaftcr no new lesions appeared and those present began to 

toaf S'moWhraftw d^ lesions h.id healed except .v sums over one 

I cj *gi, WJiih"* fpinalf* 27 >oar'4 of aijc. Ou'^ct with a fall caurf 

0. ® urv and a broUm arm’ &hortl> thereafter developed a cough with 
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Blastomyces vaccine with apparent benefit and in one ease x-ray tlierapy 
was thought to have been responsible for the improvement. There is a 
recent report of a patient who recovered after treatment with potassium 
iodide, antimony, and potassium tartrate intravenously, and 3 e.e. of 
colloidal copper intramuscularly every five days for twenty doses. The 
last drug was believed to have caused the patient’s improvement. The 
local application of a copper sulfate solution would appear to be of 
little value in cases of the generalized disease. Although studies have 
suggested the possible value of intravenous gentian violet in treating 
this infection we have found no reported uistance of its clinical trial. 

The prognosis of the majority of patients having blastomycosis with 
bone lesions is poor, especially in those individuals who have a high titer 
of complement fixing antibodies. Undoubtedly there are many patients 
who have recovered from this disease whose case records have not been 
reported in the literature. It is to be hoped tliat in the future more 
eases of clinical cures will be recorded and that a better knowledge of 
the factors responsible for recovery can be obtained. 

SUMMARY 

1. In a review of the 63 reported eases of bone blastomycosis, there 
were found 6 patients who recovered from the disease. 

’ 2. The locations of the bone lesions are tabulated and a resume given 
of the cases which recovered. 

3. Our present knowledge of this infection is summarized. 

4. The problem of diagnosis is discussed and the suggestion made that 
patients having bone lesions be partially desensitized to Blastomyces 
vaccine before beginning treatment with either iodides or surgery. 
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Table H 

oases of Generalized Blastomycosis With Bone Lesions Which Recovered 

1. Herrick: 23 White, female, 24 years of age. Onset with rheumatic pains in left 
gluteal region. Subsequently developed seventy-nine different lesions which in 
some instances, as in the case of tlie fingers, destroyed bone. Treated nith 
potassium iodide by mouth and drainage of the local foci. No improvement until 
moved residence to California and lived out-of-doors. Becovery after an illness 
of three years' duration. 

2. Boughton and Stoberro White, male, 29 years of age. Onset with pain in the 
chest, cough, fever, and weakness. The dorsum of the feet became swollen and 
tender and the initial diagnosis ivas “rheumatism.” Total of twenty- four le- 
sions developed, including multiple abscesses and foci in the upper and lower 
ends of the right tibia. Treated first with potassium iodide for two and one- 
half months but without improvement until blastorayces vaccine given. The latter 
caused inflammatory reaction about lesions but was followed by healing. Roent- 
genograms showed evidence of bone healing and recovery after farther treatment 
with potassium iodide and vaccine. Reported as apparently well eighteen months 
after the onset of first symptoms. 

3. Marshall White, female, 50 years of age. Onset with generalized weakness, 

loss of weight, and swelling of the right foot. Skin lesions appeared followed 
by afternoon elevations of temperature. Roentgenograms showed osteomyelitis 
of the metatarsals, osteoporosis of the cuboid, astragalus, and both malleoli. 
Treated with x-ray therapy over the skin lesions, potassium iodide, and 3“^ 
Gradual recovery occurred although several new nodules .appeared after sUrtmg 
treatment. It was thought that the daily sun baths wore S^y/Mponsibh for 
recovery, although one of the attending physicians ascribed “ 

x-ray therapy. After a winter in Florida, patient was apparently well one jtar 
after the onset of the infection. - * 

4. GiUiesriO White, male, 15 years of age. Onset with sore 

cough, e.vpectoration, and loss of weight. About the same time 
came swollen and three weeks later a draining sinus developed. 
oi^he chest showed an infiltration of the loft Jung and films of the 
arosteomyelitis of the tarsus. Si.v months later the on S 

hHstomveetes found in the specimen. Meanwhile ulcers had developed on me 
Sht X and leg Potassium iodide was started nine months after onset and 
hefrotheraprhiteMified. The patient was apparently well one year after the 
onset of symptoms and has remained so for si.\- years. with 

1 Ber<rstroni Nugent, and Snider : i Colored, male, 49 years of age. ] 

-1 “boil” on his leg. Multiple skin lesions developed and roentgenograms show e 
5 • ;wi,» hnneVof One hand, in the left ma.vi)l.a, and in the bones of both feet. 

Treatod^with neoarsphenamine, potassium iodide in milk, antimony 
Ireato , an,] 3 o.c. of rolloidal copper intramuscularly tury 

tartrate twpntv'doscs. Five per cent iodine ointment was u.sed on the local 
five day jj„provemcnt until the .administration of tiio colloidal copper intra- 
lesions. but^thcrcaftcr no new lesions appeared and those present began 0 
S'^'^Ten’months after discharge .all lesions load healed except a sinus over me 

,i Clmith- 3 S White, female, 27 years of ago. Onset with a fall cau-s- 

G. Martin „ broken arm. .shortly thereafter developed a cough wi h 

ing a back J > elevated temperature. Hospitalized witli a pulmonary 111 

hemoptysis a . |,]g^tomveosis. Improved under administration of blas^ 

fection nn'tassium iodide, and the chest lesion cleared up. About this 

tomyces j,..vp ldastonivcosi.s of the uterus and tubes and these organs 

time was Subscquentlv ' there developed a destructive process in the 

were removed.-^ vertebra followed by a paraplegia. This improved follo.im„ 
twelfth thoracic ,.p,jr«es of ldastoniyc,.j vaccine and patafsimn lodidis 
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SYSTEMIC BLASTOMYCOSIS 


Report op a Case with Unusual Imaiunologic Findings, Well Two 

Yhirs After Onset’'' 

Donald S. JLiktin, M.D , and Robert Randolph Jones, Jk., il.D., 

Durhaai, N C 

(Fiom the Departments of Medicme, Bacteriology, and Surgeiy, Date University 
School of Medicine and Diike EospitalJ 

INTRODUCTION 

' I *HE treatmeut of blastomj’^eosis (American form) vai'ies with the in- 
* dividual patient, depending upon the extent of the infection, the 
degi’ee of allergy developed by the patient, and the locality and nature 
of the indiiddual lesions. The following case is reported because the 
patient presented an immunologic picture marked^' different from that 
usually seen in blastoni} cosis, nhieh necessitated a radical departure 
from the treatment usually used in this disease. 

CASE REPORT 

H. AI. M (History No A5S47), a white farmer, 30 years of age, was admitted 
to Duke Hospital on Aug. 8, 1938, complaining of pain in the left elbow and fore 
arm of si\ weeks’ duration 

Family Etstory — The patient’s father, mother, si\ brothers, and three sisters 
were well 

Fast Eistoiy — The patient’s general health had been good He had had measles 
and pertussis in childhood and had had three attacks of influenza since 1918. Pour 
years prior to the onset of the present illness he had had a chronic cough which 
lasted for several months There was no hemoptjsis, chest pam, or fever during 
this illness 

P) event Illness — Eleven weeks befoie admission to the hospital, the patient 
noticed a small area of tenderness over the left eleventh rib which became zncreas 
ingly painful. After three weeks a small swelling appeared which was incised 
by his physician with the evacuation of a small amount of sterile pus The e\posed 
rib was curetted and the wound has remained as an mdolent cavity. Si\ weeks 
before hospitalization a swollen, tender spot developed over the left ulna just distal 
to the elbow joint. This swelling increased in size for about ten davs and the 
patient noticed that movement of the elbow caused pain Ten days before he 
entered the hospital this area was incised with evacuation of some necrotic bone. 
The pus from this wound was reported also as shovvung no growth of pjogenic 
organisms Both wounds continued to drain and the elbow has remained painful 
Physical Examination — The patient was a 30 year old, undernourished white 
firmer, with normal temperature, pulse, and respirations There were no abnor 
mahties except for the two areas described Over the left eleventh nb there was 
a cavitj, () by 3 cm. in size, lined by indolent granulation tissue The rib was 
not exposed at the bottom of the wound. The left elbow was markedly swollen 

•Aided b> a prant o£ tlic John and Alary R AtaiKlc Foundation 
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and any motion of the joint caused pain. Over the proximal end of the ulna, there 
was an incision 6 cm. in length which was lined wdth necrotic tissue and drained 
bloody pus. 

Accessory Clinical Findings. — Hgb., 9S per cent; E.B.C., 4,480,000; W.B.C., 
10,300. Bifferential; P.M.K 86 per cent; B.L., 3 per cent; S.L., S per cent; E., 
1 per cent, AI,, 2 per cent. Urine: acid, specific gravity, 1.023; albumin, negative; 
sugar, negative; microscopic examination showed only an occasional W.B.C.; Was- 
sennaim, negative; stool, negative. Blood Chemistry: N.P.N., 36; Ca, 8.6; P, 3.2; 
refractive inde.x, 1.350. 



E'S- 3. — 1 , Biopsy section of skin from another case showing the usual appearance 
of Biastomi/ces dermatitidis ; 2, Biopsy section of skin from present case to illustrate 
the difference in size of the double-contoured wall. For comparison, each of these 
sections was cut from blocks, mounted, and stained under identical conditions. 

Eocntgcnograms showed a destructHo process in the left eleventh rib, in the 
posterior axillary line, and in the left olecranon (Fig. 1, 1). The findings in both 
sites suggested osteomyelitis. Fluoroscopy and films of the chest showed a slight 
increase in the peribronchial markings bilaterally and a alight thickening of the 
pleura at the left apex. 
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ing the following two weeks the patient gained 1.63 kg. in weight. An \ ray on 
Oct 4, 193S (Pig. 2, J), showed that bone destruction had increased considerably 
under iodide therapy. 

At this tune amputation of the left arm was considered, but the patient demurred 
and ho received 1,200 r. units of deep \ ray therapy from Oct 20 to 25. The elbow 
lesion failed to improve clinically, but there was no evidence of a spread of the 
infection. The low grade fever slowly subsided as did the wlute count, which had 
been elevated following the serum injections (Pig 3). It was felt that the in 
troduction of maggots might remove some of the necrotic tissue and increase dram 
age and these were lutioduced on Nov 9 and at intervals until Nov 23. During 
this time considerable healing of the bone was demonstrated bj x ray. There were 
several bouts of fever during this treatment Three weeks after maggots were first 
introduced, the patient developed multiple furuncles, liemoljtic Staphylococcus aureus 
bacteremia, and a severe upper respiratory infection Potassium iodide was dis 
continued Dec. 29 He was severely ill for three months, necessitating surgical treat 
ment for the abscesses, several courses of sulfanilamide and sulfapyridme, staphj 
lococcus antitoMU, nicotinic acid, thiamin chloride, liver, and transfusions. Repeated 
evaminatious of the elbow lesion and of numerous abscesses and the sputum failed 
to demonstrate Blastomyces, and it was apparent that the fungus infection had 
been brought under control before the onset of the severe bacteremic infection with 
Staphylococcus aureus 



Following the injections of anti Blastomyces serum, theie was a complete re 
versal of the immunologic pietuie. On Oet 5, 193S, the Poshay test was repeated 
and the results showed no increase m reaction to the anti BUstomjces serum as 
compared with the normal labbit serum control A skm test on Oct. 5 to a filtrate 
of Blastoiiijces gave a markedlj positive reaction within twentj four hours, but 
the area of erythema had completelj disappeared within fortj' eight hours. This 
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Saeteriologic Studies.— Staphylococcus aureus waa grown from the rib ksion, 
but cultures for bacterin from the elbow region showed no growth. Cultures for 
tubercle bacilli were negative. There was no reaction to the intracntancous in- 
jection of oM tuberculin diluted 1:10^(100. 

Ulycologic i'tiidiee. — ^Budding fungi were found in direct smear and in sections 
of waterial obtained by biopsy'. The appearance of these organisms differed some- 
what from file usual Blastomyces dermaiimis in that iiia doublo-coutoured peripii- 
oroX membrane of the fungus cells seemed much wider than usual (Kg. 2, 1 and 2). 
Although there was the definite impression tliat the organisms were true Blastomyces, 
several observers suggested that the fungus might prove to be a Cryptoeoccas. 
However, cultures of the fungus from this case on Sabouvaml’s medium at room 
temperature and on blood agar at 37° C. showed no essential differences from the 
usual Blastomyces isolated from cases of American blastomvcosi.s.i There iva.-! ako no 
detectable difference antigeiiicully between this straiu and other strains of Blas- 
tonyees when tested for combining capacity with an anti-BIastoinyces rabbit scrum. 

Course ill the Hospital. — The wounds were curetted the day after admis-sioii. 
The cavity in the ulna was Sound to extend into the elbmv joint, but the eleventh 
rib at operation was covered ly a compact layer of gramilation tissue. 

Skin tests to a heat-killed vaccine and three fractions of Blastomyces derma- 
HtiJis were done on Aug. 32, 333S, four day.-,- after admission. No reaction was 
obtained with any of these substances. In view of the negative skin test to 
Itlastomyces derwatitidis and the questionable diagnosis of cr.vptococeoais, (he pa- 
tient was injected intracutanconsly with 0.1 e.c, of heat-killed vaccinM prepared 
from three strains of pathogenic cryptoeocci. None of these was positive. Since 
the patient e.shibitcd no signs of hyperseusifivify to the fungus, pot:i.ssiuni io<!i(h' 
was given by mouth, startbig with three <!rops t. i. d. and incroa.siiig the do.'-e at 
a rate of three drops per day. _ He was given, also, a iiigh caloric, high vitainia 
diet. The wouad.s were tre.ated with iv.arm saline fomentntioas and the icsinas 
cauterized on seieral ocea-sioii.s. Under this therapy tlie rib tire.-i improved, fait 
the bone lesion in the ciiiow grew worse. By Sept. 23, 103H, forty-six days after 
.admission, his iodide dosage h.ad reached 11-1 drops per <lay. !>ut he hufl gained 
onlv 0.35 kg. in spite of his enhanced diet. Except for a temperature of 33,5“ C. 
on one occasion, he had onl.v a low-grade fever. His white couiit varied bctacca 
G,330 and 30, -150 (Pig. 3). 

After si.v weeks ’ observation it was obvimi.s that a more radical form of treat 


meiit was necessary to save the patient '.s anii. On Sept. 20, Itl.'ls. o.l of iin 
diluted aiiti-Biastomyccs ralddf seritin iras injected iiifraeutaacousiy, .Voriiiiil raldut 
serum was used as a control. The anti Bko-tomyces raldiif M-riim i-auM-d, within 
liftccu minutes, au vtlciimton-s an-a 32 by 3i> turn, strrrotindcd by a zone of erythema 
30 bv 70 mm. During the •'-ame inrerial of time the control M-riiin prodiei-.l a 
rabed are-r onlv il l>v 13 ***’'’■ rlu-n- ua.-< no erythema. Tins test is similar 

to'diat di’^ribcd by Fo.-har- except fiml ii.I i-..-. of nwhlated -,-rum was u-ed lo 
tcid'of 0 0-3 e.c. of a it Id dilatien as reeoiitmendeil by him. 
a, %.[ subcutaneous injections of .smalt don-.s of f.-ildut seruio uere gi\en, tlo- 
Severu ^ (),2.> e.c. on lfci>t. 27, i»..5 on .A-pf. f's amt 2.''. and I e.e. mi 

patient wiiich «a.s injected into the left iipfs-r arm mi, lour he 

Sept, „ . ^ dioutdi’r resuifed in an iiilcii'e loeal seueluHi nhiel, uas areiit 

tween the t tut ^ -pta-ire wa.s .--Oin,* i-ryllo-ma and swrlbag as hig/j a, .J t.„j, atone 
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impressed by the morphologic appearance of the fungus in the lesion 
that they considered the organism to be a new species, Endamyces 
capsulatus. Cultimal studies of this strain of E. capsidatus by Benham® 
and in this laboratory^ have shown no essential differences from the 
usual strains of Blastompces dennatitidis isolated from numerous cases 
of American blastomycosis. 

The positive Poshay test further suggests that the fungus was pro- 
ducing some antigenic substance which may have masked or prevented 
the development of a skin reaction to the intracutaneous injection of 
dead organisms or filtrates of the organism. This substance presumably 
inhibited also the demonstration of antibodies in the sei’um of the pa- 
tient. The severe local z’eaetion around the elbow following the injec- 
tion of 1.0 c.e. of anti-Blastomjmes rabbit senim emphasized that produc- 
tion of this hypothetical antigenic material was most intense in the area 
of infection. The apparent benefit following the injection of only 2.4 
c.e. of serum, with a complete reversal of the immunologic picture, may 
be interpreted by assuming that this excess material was neutralized by 
the antibodies in the rabbit serum, allowing the host’s cells, aided by 
iodides, to attack the invading fungi. The positive complement fixation 
reactions could not have been explained by the passive transfer of anti- 
bodies because of the small amount of serum injected. The observation 
tliat the test became more strongly positive three weeks later suggested 
that the patient previously had built up a certain degree of resistance to 
the fungus but that evidences of this resistance were masked by the local 
production of this soluble antigen. This substance may have prevented 
local healing of the lesion and caused the reversal of the usual findings 
of hypersensitivity to the ftingus and the presence of serum antibodies. 

The role of hypersensitivity to baetei'ia or bacterial products in infec- 
tions is debatable. It seems that a certain amoimt of allergy is desirable 
in localizing an infection but that too gi-eat a degree of allergy is harm- 
ful because of the severity of the reaction following a spread of the in- 
fection or the liberation of bacterial products. In none of our previous 
cases was desensitization with Blastomyces vaccine complete and in this 
ease the mild degree of allergy which developed after serum treatment 
did not seem to be sufSeient to warrant discontinuation of iodides. 

The role of maggots in the ultimate cure of this patient was felt to be 
due entirely to their action in removing necrotic tissue and maintaining 
of open sinuses for drainage. The possibility that maggots could have 
had any direct fungicidal effect was not investigated. 

A third factor that must be considered is the effect of the severe staph- 
ylococeie infection. It has been shown experimentally by Baker” that 
mice infected intraperitoneallj' have less marked lesions if the peri- 
tonitis is complicated by bacterial infection. It is difiScult, however, to 
believe that the presence of bacterial infection in this patient played a 
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same typo of reaction is obtained in allergic patients when tested with a purified 
carbohydrate fraction of the fungus.* The patient’s serum, previously negative 
for complement fixing antibodies, gave a weakly positive reaction on Oct. 6 (3+ in 
undiluted serum) and a stronger reaction on Oct. 21 (4+ in 1-2 dilution of serum). 
The complement fixation test was negative at the time of discharge on April 3, 
1939, but a skin test to the same filtrate again resulted in a positive twenty-four- 
hour reaction. The extent of reaction was less than that previously found. 

The patient was discharged from the hospital on April 4, 1939, with the wound 
on the elbow completely healed. An x-ray of the bone on May 1, 1939, showed 
considerable filling in of the bone cavity (Fig. 1, 3). He was last seen on Aug. 
14, 1940, and had no more symptoms. He had gained approximately 15 kg. in 
weight and had complete range of motion of his elbow. An x-ray at this time 
(Fig. 1, 4) showed healing of the bone except for a fracture line across the olecranon. 
It was felt tliat this lino of decreased density represented healing of the cavity 
with fibrous tissue rather than a true fracture, since the patient had complete func- 
tion of the joint and there were no physical signs or symptoms suggestive of 
fracture. 

DISCUSSION 


It is veiy difficult to evaluate the effects of specific forms of therapy 
in a disease such as blastomycosis because the limited number of patients 
seen by any individual or clinic makes statistical analysis of no value. 
Furthermore, like tuberculosis, each ease presents a different problem 
and must be treated individually. 

In this patient evaluation of treatment is especially difficult, since he 
received iodides, deep s-ray therapy and antiblastomycotic rabbit serum 
in addition to surgical procedures, such as curettement, cauterization, 
and application of maggots into the wound. The results of treatment in 
this patient, as compared with our experiences with other patients with 
this disease,* have suggested to us certain possibilities which are out- 
lined below. 


Iodides have been shown bj" us* to be potentially harmful to patients 
who have developed a high degree of allergy to the infecting fungus. 
This patient, with no evidences of hypersensitivity to the fungus, theo- 
retically should have responded well to the drug. However, during the 
six-week period of iodide administration he continued to have low-grade 
fever failed to gain sig-nifieantlj’^ in weight, and the local lesion in his 
elbow became worse. The appearance of the fungns in smears suggested 
either a different form of the fungus or a peculiar reaction of the host 
cells to the fungus. This has its counterpart in other fungus infections, 
actinomycosis in particular, in which the club-shaped swellings of the 
Ta in the periphery of the sulfur granules are thought to represent 
1 results of an interaction between the host and the parasite, since 
ir (TS are rarely observed in culture. It is not certain whether 
these dennatitklis, under certain conditions, may form a 

. . 1 tissues or whether the capsular appearance represents 


or 


ick in tissues 

capsule lu ^ of the usual tliick-ivallecl membrane. ITowever, in 

only exaggei* ^ ^ Dodge, and Ayers, ^ the autliors were so 

a case reported by 
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impressed by the morphologic appearance of the fungus in the lesion 
that they considered the oi'ganism to be a new species, End&imjces 
eapsulaius. Cultural studies of this strain of E. capsiilatus by Benham® 
and in this laboratory^ have shown no essential differences from the 
usual strains of Blastomyces dermatitidis isolated from numerous eases 
of American blastomycosis. 

The positive Foshay test further suggests that the fungus was pro- 
ducing some antigenic substance which may have masked or prevented 
the development of a skin reaction to the intiueutaneoiis injection of 
dead organisms or filtrates of the organism. This substance presumably 
inhibited also the demonstration of antibodies in the serum of the pa- 
tient. The severe local reaction ai’onnd the elbow following the injec- 
tion of 1.0 c.e. of anti-Blastomj'-ees rabbit serum emphasized that produc- 
tion of this h 3 'pothetical antigenic matei'ial was most intense in the area 
of infection. The apparent benefit following the injection of only 2.4 
c.e. of serum, with a complete reversal of the immnnologie picture, may 
be interpreted by assuming that this excess material was neutralized by 
the antibodies in the rabbit serum, allowing the host’s cells, aided by 
iodides, to attack the invading fungi. The positive complement fixation 
feaetions could not have been explained by the passive transfer of anti- 
bodies because of the small amount of senim injected. The observatioa 
tliat the test became more strongly positive three weelis later suggested 
that tie patient previously had built up a certain degree of resistance to 
the fungus but that evidences of this resistance were masked by the local 
production of this soluble antigen. This substance may have prevented 
local healing of the lesion and caused the reversal of the usual findings 
of hypersensitivity to the fungus and the presence of serum antibodies. 

The role of h 3 'persensitivity to bacteria or bacterial products in infec- 
tions is debatable. It seems that a certain amount of allerg^'- is desirable 
in localizing an infection but that too great a degree of allergy is harm- 
ful because of the severit 5 ’' of the reaction following a spread of the in- 
fection or the liberation of bacterial products. In none of our previous 
eases was desensitization with Blastonyces vaccine complete and in this 
case the mild degree of allergy which developed after serum treatment 
did not seem to be sufficient to warrant discontinuation of iodides. 

The role of maggots in the ultimate cure of this patient was felt to be 
due entirely to their action in removing necrotic tissue and maintaining 
of open sinuses for drainage. The possibility that maggots could have 
had any direct fungicidal effect was not investigated. 

A third factor that must be considered is the effect of the severe staph- 
ylococcic infection. It has been shown experimentallj' by Baker' that 
mice infected iutraperitoneall 3 ^ have less marked lesions if the peri- 
tonitis is complicated fa 3 " bacterial infection. It is difficult, however, to 
believe that the nre.seiice of bacterial infection in this patient played a 
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part ill controlling’ the fungus infection because improvement in the 
latter occurred before the appearance of abscesses and bacteremia. 


SUMMARY 

An unnsnal case of blastomj’’cosis of bone is presented. 

After failure to obtain improvement ivith iodides, this treatment was 
supplemented by subcutaneous injections of small amounts of immune 
serum and the introduction of maggots into the local lesion. 

The possible effects of these two additional agents in bringing about 
the ultimate cure of the patient are discussed. 
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LOCAL SULFANILAMIDE THERAPY IN 
SURGICAL INFECTIONS 


J. Ross Veal, SI.D., and Rot G. Klepser, M.D., 
Washington, D. C. 

(From the Department of Surgery of the GalUnger Municipal Hospital) 

T he introduction of the sulfonamides has changed entirely the mode 
of treatment for nian}' diseases. The adaptation of these new drugs 
to the therapy of surgical infections has been relativel}’’ slow due to the 
comparatively poor results obtained by their oral and parenteral ad- 
ministration in walled-off pj’ogenic lesions. 

Meleney and Haxwey,^ in 1939, reported a series of 40 chronic under- 
mining ulcers infected with hemoljffie streptococci treated with local 
application of zine peroxide and the oral administration of sulfanil- 
amide. In the cases with an associated acute cellulitis and lymphangitis 
they obtained good results. In the more chronic eases, in which there 
were considerable necrosis, undrained abscesses, and locally decreased 
blood supply, the sulfanilamide was without effect. Bricker and 
Graham,^ also in 1939, found that the oral administration of sulfanil- 
amide retarded the healing processes of clean incised wounds of dogs’ 
stomach. These experiments were later repeated by Taffell and 
Harvey,^ who did not demonstrate anj^ abnormality of healing. Key and 
Burford*' ** have stated that they found no inhibition of healing in 
experimental fractures in rabbits after the local instillation of sulfanil- 
amide at the site of fracture. Jensen, Johnsrud, and Nelson® reported 
39 eases of compound fractures treated by careful debridement and the 
local implantation of powdered sulfanilamide. These wounds were 
then closed. All healed by primary luiion. Ninety-four similar cases 
treated in the same manner without sulfanilamide had a total of 29 infec- 
tions. Campbell and Smith,’ reporting 54 cases of compound fractures 
treated xvith local application of sulfanilamide, did not feel that the 
incidence of infection was materially reduced in the acute cases. How- 
ever, thej' found that the drug greatly reduced the incidence of post- 
operative infections in cases in which suz’gezy was undei’taken in the 
presence of chronic inflammation. Rapid control of secondary infection 
in chancroids Ixy the topical application of sulfanilamide powder was 
first described in 1938 by Fields and Weinstein.® Since the advent of the 
current war several papers have appeared in which the authors claim 
excellent results from the local use of sulfone drags in contaminated and 
infected war wounds.®'" Levaditi’® has reported rapid and effective 
sterilization of war wounds by the local application of sulfanilamide. 
Oral administration of the drug in such cases was ineffective. 

Received for publication, June 3. 1941. 
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Considerable material is now available on the bacteriostatic and 
bactericidal effects of sulfonamides in vitro against the common con- 
taminants of surgical wounds.*^'^^ Lawrence^®’ has investigated the 
comparative effects of the various sulfonamide drugs upon cultures of the 
colon-typhoid-dysentery group. Most of the investigators agree that 
the maximum bacteriostatic effect is obtained in an aerobic medium."'’'^’^ 
Loclcwood'^’ -■* has recently, reported upon the mode of action of these 
drugs as applied to local baeteriostasis in infected lesions. He believes 
that they act locally by interfering with the nutritional requirements 
of certain bacteria, the effect being dependent upon the concentration 
of the drug and the amount of free peptone available from tissue necrosis. 
Whether this theory or the antieatalase theory-^’ is correct, the need of 
debridement of all necrotic tissue and the continued local concentration 
of the drug is paramount. Since 1936 Eavdin^^ has routinely given 
sulfanilamide parenterally and orally in all eases of acute appendicitis 
and appendical abscesses. He and his associates report a pronounced 
lowering of morbidity and mortality rates since initiating this routine. 
Eecently the local intraperitoneal application of sulfanilamide powder 
to the region of the appendix has been described by Thompson, Brabsou, 
and Walker.-® In 204 cases of purulent or ruptured appendices they 
placed 12 Gm. of sterilized sulfanilamide powder into the peritoneal 
cavity and the muscle layers of the abdominal incision. No toxic effects 
or local devitalization of tissues was noticed. 

During the past j^ear we have treated over 300 infected wounds by 
the local implantation of sulfanilamide poAvder.®“ These cases include 
postoperative wound infections, many types of traumatic wounds, in- 
fected burns, compound fractures, leg ulcers, decubiUis ulcers, localized 
abscesses, and carbiincles. The results obtained by this method have 
been so excellent that it has now largely supplanted all other forms of 
local treatment of infected wounds in our hospital. The chief advantages 


are its rapid, effective, and nonirritative action, the simplicity of the 
dressing care needed, and the comfort afforded the patient. It is also 
cheap and readily accessible. We have encountered some disadvantages 
with its use. Most of these disadvantages can be overcome if certain 


rules are followed. In this communication we wsh to record the tech- 
nique employed and the results obtained in the local treatment of in- 
fected wounds with sulfanilamide. 

We have endeavored to determine the direct effect of sulfanilamide on 
the various organisms found in these pyogenic wounds. In a large 
of cases smears and cultures were made before beginning the local 
senes intervals during the period of treatment similar bac- 

■ studies were repeated. Biopsies of the edges of the woxmds 
teriologie s ^ group of 70 cases, showing sections of the tissues 

■were also a during the process of healing. In this manner 

before utative in a sense, a quantitative test of 

we have obtainea u 
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the action of sulfanilamide upon the local tissue. In the great majority 
of our cases the smears and cultures showed a mixed flora of bacteria. 
Chief among these were streptococci, staphylococci, the Bacillm coU 
group, and diphtheroids. An impoidant secondary invader in some cases 
was Bacillus pyocyaneus. After the preliminary baeteriologic and 
mierobiologie studies were completed the wounds were treated by ade- 
quate drainage or debridement and the local implantation of sulfanil- 
amide powder. The dose of sulfanilamide introduced was determined 
by the size of the lesion. A sufficient quantity was used to cover the 
wound surface completely and to fill all pockets. On the following day 
the smears and cultures were repeated. There Avas an immediate diminu- 
tion in the number of organisms found in the smears and the colonies 
grown on plated cultures. All of the t3q)es of organisms found in these 
wounds Avere affected. In those eases in which a neAV supply of 
sulfanilamide was not introduced rve found that there was usually a 
reaetiA'ation of the bacterial growth. If daily applications of sulfanil- 
amide were made, however, the number of bacteria continued to decline 
until there Avas a practical sterilization of the Avound. This usually re- 
quired from five to eight days. Along AA'ith the reduction in number of 
bacteria there AA^as a striking diminution in the amoimt of exudate. The 
necrotic odor of some of the A\-ounds Avas immediately banished. This 
has been particularly noticeable in the cases of ruptured appendices 
Avhere it had been necessarj' to drain the abscess. After the baetex'ial 
groAvth and exudate had been controlled aa'c discontinued the sulfanil- 
amide. In some of the cases the Avounds remained clean and healing 
processes progressed steadily. In others Ave obsexwed that there AA^as a 
gradual resumption of the bacterial groAvth and a return of inflamma- 
tion. We then resumed the daily instillation of the sulfanilamide. By 
continuing the application of the drug Ave maintained control of the in- 
fection, but another complication developed. In some cases the healing 
came to a complete standstill. The granulation tissue appeared dry, 
anemic, and indolent. As long as the concentrated drug aa'bs used tlie 
healing aa'us retarded. Biopsies from the lesions at this stage shoAved 
very poor vascularization of the granulation tissue. Complete remoA'al 
of the sulfanilamide Avas sometimes folloAA’ed bj^ more abundant granula- 
tions and resirmption of Avound healing. In some cases, hoAvever, the 
inA'ading organisms again became active, and aa'c Avere once more dealing 
Avith an infected Avound. It seemed desmable to keep available in the 
Avound some sulfanilamide, yet not enough to hinder healing. We then 
attempted to use a less concentrated form of the drug after the initial 
infection had been controlled. Aqueous solutions and oil suspensions 
proved inadequate,^'’ and the incorporation of the drug into various 
inert ointments Avas not satisfactory. We then requested the National 
Drug Co. to prepare for us an ointment combining sulfanilamide and 
allantoin in a greaseless base. According to Robinson’^^ and others^”’ 
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allantoin produces a stimulating effect on indolent granulation tissues by 
increasing their vascularity. After several trials we found that a combi- 
nation of sulfanilamide 10 per cent with allantoin 2 per cent in an absorb- 
able glycerinated base did give remarkably good results. Within a few 
days folloudng the substitution of the ointment in place of the concen- 
trated powdered sulfanilamide the tissues became active and healthy in 
appearance and the infection remained under control. (Figs. 1- A, B, 
and G.) In a number of eases the same ointment was used without in- 
cluding allantoin in the formula. Although these wounds healed and 
lacked the indolent phase characteristic of full-strength sulfanilamide, 
the growth of granulation tissue was not as rapid or as freely bleeding as 
when allantoin was used. 



T-u- -I i TRinnsv sDeciitien from necrotic infected ulcer. Low power (X260). Note 
Fi&. inflammatory reaction. Section taken before treatment. 


From these studies we have now developed a more or less routme 
method of using sulfanilamide to prevent infections in contaminated 
en injuries and to control bacterial growth in grossly infected wounds. 
^ e first step is the proper preparation of the wound. In order for the 
^ t be effective it must come into direct contact witJi the invading 
drug to e ^^.^^nds must be adequately drained, necrotic tissue 

organisms. surfaces of the wound made available for 

must be powder. (Fig. 2 A-C.) When the field is thus 

topical appnc nmTititv of the concentrated sulfanilamide powder 

prepared, a sufficient quant ) 
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Fig, IS . — ^Biopsy specimen taken from case shown in Pig. lA after ten dajs' treat- 
ment with sulfanilamide locally. Low power (X260) There is a diminution in in- 
flammatory reaction, but scant vascularization. 
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°{ case shown in Fles l.f and B ten days later after 
infA\j ointment L^v, power (X260) Note control nf 

infection and abundant vascularization 
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is placed upon the wound to cover the surface entirely and a dry dressing 
is applied. (We have not found it necessary to measure the dosage. In 
most cases 5 to 10 6m. has been applied daily until the infection was 
controlled.) As soon as bacterial growth and exudate has diminished 
and the signs of inflanunation have subsided, the powdered sulfanilamide 
is discontinued and is replaced by daily dressings of the sulfanilamide- 
allantoin ointment. The ointment is applied as a thin layer over the 
entire lesion, which is then covered with a dry gauze dressing. This tj-pe 
of treatment is continued daily until the wound is healed or until the 
field is covered with a skin graft. 



Fiff. 3. — Chart showing comparison of blood sulfanilamide levels when 7-5 Gm, of 
sulfanilamide powder is sealed in a clean wound and the same dose given sub- 
cutaneously in 1.000 C.C. of normal saline solution. Note the delayed absorption of 
the drug from the sealed wound. 

The method of treating infected wounds as outlined above has now 
largety replaced all other methods in our wards and in our out-patient 
clinics. The simplicity of the method is of great practical value. The 
disadvantages of wet dres.sings and irrigation techniques are overcome. 
Special mention should be made of its merits in preparing unde areas 
for skin grafts. Our percentage of gi'aft “takes” has been greatly in- 
creased and the period of preparation has been materially reduced. 

We have not attempted to measure the total dosage of sulfanilamide 
used in any particular wound. In many eases 5 to 10 Gm. of the powder 
was used daily for many days without any systemic symptoms. The 
blood concentration of the drug has been far less than that generally ac- 
cepted as a “therapeutic level” for oral or parenteral administration in 
systemic diseases. In studying the rate of absorption from various tj^pes 
and sizes of wounds, we have found wide variations in the blood levels. 
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A single dose of 7.5 Gm. closed in a clean operative wound usually shows 
a rapid rise, approaeliing the level obtained by giving the same dose by 
mouth. Tliere is tlien a gradual decline in the rate of absorption, but 
traces of the drug may be found in the blood for several days. (Fig. 3.) 
The same dose instilled in an open wound show's a much lower blood 
concentration (Pig. 4) . In none of our cases has there been any evidence 
of a systemic toxic reaction. The peculiar ej'anosis so frequently seen 



Fig 4. — Cluiit showing comparison of blood sulfandanude levels from 7.5 Gm. of siil- 
fanilanncle powder when sealed m clean wound and when implanted m open wound 



the drug is given b}' mouth or parenferalJy has not been observed 
^ locally "^treated eases. We have, however, observed a cunnilative 
^ lilood sulfanilamide level in certain cases in which laige daily 

rise ot tie ^ 

doses wei indicates that tlicre may be a very rapid absorption 

by Hoohe^^' ^ surfaces of acute burns. Tin's possibility should he 
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borne in mind when using the concentrated powder over a prolonged 
course of treatment. 

SinOIAKY 

Sulfanilamide poivder rapidly controls bacterial groudh in infected 
surgical wounds when it is placed directlj’’ into the lesion. The wound 
must be prepared by adequate drainage or debridement for the reception 
of the drug. The local action of suKanilaraide on the bacteria depends 
upon its molecular concentration in the wound. Therefore, it must be 
applied in sufficient quantity and must come into direct contact with 
the invading organisms. The growth of all the pyogenic organisms com- 
monly foimd in infected wounds is apparently inhibited by sulfanil- 
amide. Chief among these are streptococci, staphylococci, and the 
colon group. The common secondary invadei', B. pyocyaneus, is 
promptly destroyed by local application of the drug. Prolonged use of 
concentrated sulfanilamide may retard healing. This probably results 
from inhibition of cellular growth and the retardation of vascularization 
of the granulation tissue. The substitution of sulfanilamide-allantoin 
ointment for the pure powder allows a prompt resumption of the normal 
healing process and at the same time maintains a clean wound. 
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CHANGES PRODUCED BY SYMPATHECTOMY IN THE 
ELECTRICAL RESISTANCE OP THE SKIN 


Curt P. Richter, Ph.D., and Bettye G. ‘Woodruff, Baltiiiore, Md. 

(From the Fsychohiological Lahoratory, Phipps Psychiatric Clinic, 

Johns Ropkins Sospital) 

QURGICAL treatment of circulatory disturbances of the skin has been 
handicapped (a) bj' a lack of laioivledge regarding the distribution 
of the sjnnpathetic nerves to the skin and (b) by the lack of an ade- 
quate method of demonstrating the skin areas alfected by sympathec- 
tomy. These shortcomings have been overcome, at least in large part, by 
the use of the so-called electrical skin resistance method. 

This method depends on the changes produced by sjmipathectomy on 
the resistance offered by the skin to the passage of a small direct elec- 
trical current. Since various factors influence skin resistance, a brief 
review will be given at this point of some of the essential undei’ljing 
neurologic and ph 3 ^siologic principles, as well as of the origin of our 
interest in problems concerned with the electrical resistance of the skin. 

Incidental to earlj- studies on the galvanic skin reflex in psychiatric 
patients, it was found that some patients had a very high sldn resistance 
which reached levels of 1,000,000 to 3,000,000 ohms, while others had a 
resistance of only a few thousand ohms. A separate investigation was 
then undertaken to determine whether these resistance levels could be 
correlated with the different tj’pes of psj’choses and at the same time to 
learn more about the ph.vsiologic and neurologic factors underljdng the 
resistance offered by the body to the passage of a small direct current. 

For these experiments the following technique was used: Four solid 
dLslvs of zinc were used as electrodes. These were placed against the 
palmar and dorsal surfaces of the two hands, using a paste made of 
kaolin and saturated zinc sulfate solution to provide a contact between 
the electrodes and the skin. Anj^ pair of these electrodes could be con- 
nected to a galvanometer which measured the resistance offered to the 
passage of an imperceptible current.’- ^ 

Prom these studies the following information was obtained: (a) The 
resistance offered by the bodj- to the passage of a small dii-ect curi-ent is 
localized almost entirel.%' in the skin. Punctures made through the skin 
underneath the electrodes reduced the resistance instantaneous^ from 
any level, however high, to onl.v a few hundred ohms. Similarly, abra- 
sions of the skin greatlj' reduce the resistance, (b) The resistance of the 
skin varies to a certain extent with its anatomical structure, chiefly with 
its supply of sweat glands. Thus, the porous areas of the palmar sur- 
faces of tlie hands usually have a lower resistance than the skin on the 
rolativel}' nonporous areas of the dorsal surfaces. Thus, for nine normal 
individuals the palmar resistance averaged 77.100 ohms; the dorsal 
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lesistanee, 290,310 ohms.'* (c) The resistance on both surfaces de- 
pends largely on the sweat gland activity, being high when the sweat 
glands are inactive (that is, when the skin is dry) and low when the 
sweat glands are active (that is, when the skin is moist), (d) The re- 
sistance readings on the porous and nonporous areas may vary inde- 
pendently of one another, (e) Skin resistance varies with normal and 
pathologic sleep and sleep induced by hyj^notics, in general, being high 
during sleep and low during the Avaking state.^’ 

It also Avas found that skin resistance is controlled to a large extent 
through the autonomic neiwous system. In our first experiments, ap- 
plying to monkeys essentially the same technique used on human beings, 
it Avas found that section of the entire nervoiAs supply to the extremities 
(in the upiAor extremities the brachial plexus, in the loAver extremities 
the sciatic and femoral nerves) greatly increased the resistance, es- 
pecially on the palmar surfaces of the hands and feet. In some animals 
the palmar resistance increased from 20,000 or 30,000 ohms to 5,000,000 
or 10,000,000 ohms, at Avhieh levels it remained permanently. The sec- 
tion of these trunks included sympathetic and somatic nerves. Further 
experiments Avere undertaken to sever tliese tAVO types of nerves sepa- 
rately. Section inside of the cord of all of tlie anterior and posterior 
roots to the foreleg, Avhieh removed all of tlie somatic supply but did 
not interfere Avith the sympathetic nerve supply, no effect on the 
skin resistance. Eemoval of the sympathetic chain, hoAvever, produced 
as great an initial increase in skin resistance as section of tlie entire 
nerve. After several months the resistance decreased to a permanent 
level of 1,000,000 to 2,000,000 ohms, Avhich Avas still far above the pre- 
operative level. It Avas thus proved that skin resistance depends pri- 


marily on the sj’mpathetie nervous system.-- ^ 

This same technique has been xised to study injury and repair Avithin 
the sympathetic nervous system.®-'® In experiments on eats it AA-as found 
that a preganglionic section of the AA-hite rami to the stellate and fimt 
thoracic ganglion produced a large but temporary increase in skin re- 
sistance on the central pads of the forefeet. The resistance, Avhieh re- 
turned to its preoperative level in tAventy to sixty days, closely paralleled 


the return of normal SAveat gland activity. Thus, skin resistance gave 
a o-ood measurement of the regeneration of the preganglionic fibers. 
Posto-aimliouic sympathectomy through section of tlie gray rami from 
the stellate ganglion and the fii-st thoracic ganglion produced an even 
• increase in skin resistance on tlie larger central pads, hut the 
■ did not return to its preganglionic IcA-el. Even after ten 

resistanM^ resistance in some of tlie eats averaged over 3,000,000 ohm.s. 
raontis 1 i iy higher levels of skin resistance produced by post- 
The consi e ^r^^^ to preganglionic .syinpafhcctomy demon.strafed 

ganglionic as c (.ertain degree of independent control 

that the gang m ‘ „,„,.i,.,,>isni.s. This independence of function of tlie 


Iiat the gang la j^^gL-hanisms. This independence of function of tlie 
jver the perip ' , basis of the difference in the responses 

sympathetic ganglia maj 
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of the vaseclar system to adrenalin after preganglionectomy and post- 
ganglionectomy reported by "White and co-workers, Grant, and 
Ascroftd^ 

The dependence of sldn resistance on the sympathetic nervous system 
was further brought out by experiments made on eats and monkeys in 
which the spinal cord was sectioned at various levels, above and below 
the thoracolumbar outfioiv of the sympathetic nerves. Complete 
transeetions made at C- and (that is, above the thoracic outflow) 
produced a large increase in the palmar resistance on both the fore- and 
hindfeet; complete transection at T. (that is, beloiv the thoracic outflow 
to the foreleg) had no effect on the forefeet but produced a large in- 
crease in the resistance of the hindfeet; complete transection at L 3 
(that is, below the outflow' to botli fore- and hindfeet) which completely 
paralyzes the hindlegs, had no effect on the skin resistance of either the 
fore- or hindfeet.^® Further, the resistance closely followed the con- 
dition of the spinal cord. During the period of shock, when the legs 
w'ere completely paral 3 'zed, the resistance remained high; gi’adually, 
as the spinal reflexes began to appear, the resistance decreased. How- 
ever, the retiu'n of the spinal reflexes preceded bj' manj' daj's the re- 
turn of the normal function of the sweat glands, as showm bj* the retium 
of the sldn resistance to its preoperative level. 

This method wms applied in 1927 to the study of a patient in whom 
a tumor had completelj' blocked off the sympathetic chain on the right 
side of the neck and all of the sjnnpathetic connections to the right arm 
and hand. In this patient the resistance of the palmar and dorsal 
surfaces was considerablj' higher on the side of the lesion. In the 
sweat bath the right hand remained dry.’" In 1937 observations were 
made on the palmar and dorsal resistance changes of the hands of eight 
patients wdth cervical sympatliectomies and of two patients with liunbar 
sympathectomies. The 3 ' all show'ed respectively a greatly increased 
resistance on the palmar and dorsal surfaces of the hands and on the 
plantar and dorsal surfaces of the feet.*® Smithwicfc*® has recently 
reported that s 3 'mpathectom 3 ' increases skin resistance. 

METHODS 

The method wdiieh has now' been devised makes it possible to determine 
changes produced b 3 ' sympathectom 3 - on the electrical resistance of the 
skin not onl 3 ' on the palmar and dorsal surfaces of the hands but also 
on all other parts of the body (see Fig, 1). A zinc sheet disk, inch 
in diameter, w'as attached to the lobe of one ear with an earring clip 
directly over a skin puncture made with a hypodermic needle. A paste 
made of kaolin and saturated zinc sulfate solutiou made contact between 
the electrode and the skin. The pvmetvwe through the skin reduced the 
resistance under this electrode to a negligibly low level. The other 
electrode consisted of a zinc sheet, about 14 hich in diameter, attached 
ut right angles to an insulated handle, about 3 inches long. B 3 - the 
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resistance, 290,310 olnns.^ (c) The resistance on both surfaces de- 
pends largely on the sweat gland activity, being high when the sweat 
glands are inactive (that is, w'hen the skin is dry) and low when the 
sweat glands are active (that is, when the skin is moist), (d) The re- 
sistance readings on tlie poivns and uonpovous areas may vary inde- 
pendently of one another, (e) Skin r&sistanee varies with normal and 
pathologic sleep and sleep indnced hy hypnotics, in genera}, being high 
dnring sleep and low during the waking state.-’ 

It also was found that sldn resistance is controlled to a large extent 
through the autonomic nervous system. In onr first e.xperiments, ap- 
plying to monkeys essentially the same technique used on human beings, 
it was found that section of the entire nervous supply to the extremities 
(in the upper extremities the brachial plexus, in the lower extremities 
the sciatic and femoral nei'ves) greatly increased the resistance, es- 
pecially on the palmar surfaces of the hands and feet. In some animals 
the palmar resistance increased from 20,000 or 30,000 ohms to 5,000,000 
or 10,000,000 ohms, at which levels it remained permanently. The sec- 
tion of these trunlvs included sjunpathotic and somatic nerves. Further 
expei'iments were undertaken to sever these two types of nerves sepa- 
rately. Section inside of the cord of all of the anterior and posterior 
roots to the foreleg, whieli i’cmoved all of the somatic supply but did 
not interfere with the sympathetic nerve supply, had no effect on the 
skin resistance. Removal of the sympathetic chain, however, produced 
as great an initial incj'oaso in skin resistance as section of the entire 
nerve. After several months the resistance decreased to a permanent 
level of 1,000,000 to 2,000,000 ohms, which was still far above the pre- 
opei’ativc level. It was thus proved that skin resistance depends pri- 


marily on the sympathetic nervous system.^’ ^ 

This same technique has been used to study injury and repair within 
the sympathetic nervous system.*''® In experiments on cats it was found 
that a preganglionic section of the white rami to the stellate and fimt 
thoracic ganglion produced a large but temporary increase in skin re- 
sistance on the eentJ’al pads of the forefeet. The resistance, which re- 
turned to its preoperative level in twenty to sixty days, eioseiy paralleleci 


the return of normal swmat gland activity. Thus, skin resistance gave 
a good measurement of the regeneratioit of the jmeganglionic fiheis. 
Postganglionic sympathectomy through section of tlie gray raiin from 
the stellate ganglion and the first thoracic ganglion produced an even 
o-reater increase in .skin resistance on the larger central pads, hut the 
resistance did not retin-u to its preganglionic level. Even after ten 
months the resistance in some of the cats averaged over 3,000,000 olims. 
The considerably idghw levels of .skin resistance produced by pos - 
«an«lionic as compared to pregan.glionic sympallwelomy 

s)SpS«?c ganglia may be tbe baata of the difference iu the 
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of the vascular system to adrenalin after preganglioiiectomy and post- 
ganglionectomy reported by "White and co-workers/^'^® Grant/'* and 
Ascroftd® 

The dependence of skin resistance on the sympathetic nervous system 
was further brought out by experiments made on cats and monkeys in 
which the spinal cord -was sectioned at various Ie%'els, above and below 
the thoracolumbar outflow of the sympathetic nerves. Complete 
transactions made at and Cj (that is, above the thoracic outflow) 
produced a large increase in the palmar resistance on both the fore- and 
hindfeet; complete transection at T- (tliat is, below the thoracic outflow 
to the foreleg) had no effect on tJie forefeet but produced a large in- 
crease in the resistance of the hindfeet; complete transection at L 3 
(that is, below the outflow to both fore- and hindfeet) which completely 
paralyzes the hindlegs, had no effect on the skin resistance of either the 
fore- or hindfeet.^® Further, the resistance elosel}'- followed the con- 
dition of the spinal cord. During tlie period of shock, when the legs 
were completely paralyzed, the i-esistanee remained high; gradually, 
as the spinal reflexes began to appear, the resistance decreased. How- 
ever, the return of the spinal reflexes preceded by many days the re- 
turn of the normal function of the sweat glands, as shoum by the return 
of the skin resistance to its preoperative level. 

This method was applied in 1927 to the study of a patient in whom 
a tumor had completely blocked off the sympathetic chain on the right 
side of the neck and all of the sympathetic connections to the right arm 
and hand. In this patient the resistance of the palmar and dorsal 
surfaces was considerably higher on tlie side of the lesion. In the 
sweat bath the right hand remained dry.’* In 1937 observations were 
made on the palmar and dorsal resistance changes of the hands of eight 
patients with cervical sympathectomies and of two patients with lumbar 
sympathectomies. They all showed respectively a greatly increased 
resistance on the palmar and dorsal surfaces of the hands and on the 
plantar and dorsal surfaces of the feet.’® Smithwick’® has recently 
reported that sympathectomy increases skin resistance. 

JIETHODS 

The method which has now been devised makes it possible to determine 
changes produced bj' sympathectomy on the electrical resistance of the 
skin not only on tlie palmar and doz-sal surfaces of the hands but also 
on all other parts of the body (see Fig. 1 ) . A zinc sheet disk, Yn inch 
in diametei', was attached to the lobe of one ear with an earring clip 
directly over a skin puncture made with a hypodermic needle. A paste 
made of kaolin and saturated zinc sulfate solution made contact between 
the electrode and the skin. The puncture tlirough the skin reduced the 
rosistaneo under this electrode to a negligibly low level. The other 
electrode consisted of a zinc sliect, about 14 inch in diameter, attached 
at right angles to an insulated handle, about 3 inches long. By the 
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handle this electrode could be held against the skin and could be moved 
freely from place to place. The use of this electrode represents one of 
the most important steps in this technique. In our former studies elec- 
trodes were fi.xed firmly to only four surfaces, the palms and backs of 
the two hands, and further contact betweeir the electrodes and the skin 
was made with the kaolin paste. We had always thought that the paste 
was necessary in order to eliminate polarization. With this electrode 
no paste is used; the polished surface of the zinc is applied directly 
to the skin. Thus, it became possible to explore the skin without cover- 
ing the body with kaolin paste. Furthermore, this electrode eliminates 
a drop in skin resistance produced in some instances by stimulation from 
the kaolin paste. 



Fist 1 


The electrodes were connected to a dcrmometer or an ammeter. The 


dermometer, described in detail by Levine, had been used for most 
of our previous studies on skin resistance. It has two dials, one to show 
tUo nmnerao-e of the current flowing through the circuit, tlie other the re- 
SancLffrred to the current. 

A simple and less expensive instrument for tliis purpose was built 

f r us by Mr. Frederick Whelan, of the Department of Electrical En- 

cr of the Johns Hopkins University. It contained an ammeter, 

gineeimo , a rheostat to adjust the voltage. Fig. 1 shows 

a nme-volt oan.i.i.i) 


instrum ^,secl the following procedure. The jiatient 

ir the exa cabinet for a few minute.s. After this the inov- 

heated m a gently against the .skin on any part of the 

hand electio e i ‘ i that a small current lloued thiough the 
.and the voltage adjusteus 
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circuit. Then the electrode was moved quickly from place to place over* 
the surface of the body in jumps of approximately 6 inches. When a 
sudden change in the flow of the curi’ent was found, that is, either an 
increased or a deci’eased flow, the region was further explored until the 
line of demarcation between the areas of high and low resistance was 
located. This point was marked with a soft skin pencil (black for white 
patients and white for colored patients) . Often the change from high to 
low resistance occui’red Avithin a few millimeters. When a second point 
of demarcation was determined, a line was drawn through the turn 
points. The process was repeated at a distance of several inches at 
either end of the line until finally the entire areas of high and low re- 
sistance were defined. 

An attempt was made to keep the current below the range in Avhieh 
it could be felt by the patients. The sudden fall in resistance from mil- 
lions of ohms to only a few thousand ohms made it difficult ahvays to 
make certain that the current remained imperceptible. The first tingling 
sensation reported by the patient usually came simultaneously with the 
drop in resistance. 

The present report contains records made on 20 patients operated 
upon at Johns Hopkins Hospital and at the Baltimore City Hospital at 
Bayidew and at two other hospitals in other cities. Five of the patients 
had upper thoracic and 15 had lumbar sjunpathectomies. Six patients 
had Baynaud’s disease, 3 Buerger’s disease, 3 arteriosclerosis, 3 hyper- 
tension, 2 chronic leg ulcer, 1 acrocyanosis, and 1 postphlebitic edema. 
The upper thoracic sjTupatheetomy closely conformed to the operation 
used by Smithwiek.“‘ The white and gray rami from the second and 
third ganglia Avere sectioned, about 1 inch of the anterior and postei'ior 
roots of the second and third intercostal nerves remoA’-ed, and the chain 
beloAv the third ganglion sectioned. The third ganglion Avas brought out 
through the incision and sutured to a muscle in oi’der to prevent re- 
generation. Since the ganglia Avhich carry the sjnnpathetic nerves to 
the arms remained in connection AA’ith the extremities, this represents 
a preganglionic type of sympathectomy. The lumbar sympathectomies 
also Avere usually of the preganglionic type, including the removal of the 
ganglia either at L, and L„, or at L„ L,, and L3, or at and L,. Hoav- 
ever, in some patients the operation AA-as at least partially of the post- 
ganglionic type, including the removal of the ganglia at hf or at L^, 
and Lj. In one patient opei-ated upon in another hospital the removal 
must have included only the ganglia at L4 and L^. 

Records Avere taken at ordinaiw i-oom temperature immediately after 
the patients had been heated for a fcAv minutes in a hot-air cabinet. 

The relation of the areas of high resistance to areas AV'hich do not sAveat 
was determined by means of the Slinor starch SAveating test.-- The 
skin Avas painted Avith a mixtui’c of castor oil and iodine. After this 
mixture had been alloAA’ed to dry, an CA-en layer of rice starch poAvder 
was dusted OA-er the skin. Then the patient Avas heated in a hot-air 
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cabinet until active sweating started. The moisture from the sweat 
dissolves the starch and turns the mixture black. Areas which do not 
sweat remain white. The sweating test was made immediately after the 
completion of the skin resistance test and while the lines of demarcation 
were still on the skin. The tivo areas were superimposed upon one 
another, and thus we could compare them accurately. 




RESULTS 


The photographs m Fig 2 show tlie patleins obtained fiom three 
patients with dorsal sympathecloniies The fiist patient, a man .'Sb 
^ ars of a"e (Fig ‘‘ doisal sympathectomi for I?a.\ 


uaud’s disease four months previously 


Tlie photograph at the tofi 

tie area of high lesistanee, which included the left halt of the 
shows jjjj, jjippjp^ p,jj t of tjie axilla and 

face ana ^ small area on the back about fnc 

the under shouldei-s The photograph at the bottom 

inches below ^ ^ yrtnor sweating te.st The black areas .show 


lit*? o£ ths 3Iin.oi* sweating 
shows the resu 

active sweating; t shou an almost e\aet eor- 

areas and the areas nlucti 
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respoudence, except for an area on the right side of the mouth which did 
aot sweat. This area often does not sweat in normal indi\dduals. 

Fig. 2jS gives the photographs of a young woman with a bilateral dor- 
sal sympathectomy. The area of high resistance included her head, neck, 
and chest below the breasts, the axillae, and a line across her back at 
the same level. The Minor test again showed a close correspondence be- 
tween areas of sweat gland activity and high skin resistance, except for 



the skin on the breasts which showed many punctate areas of sweat up 
to a line at the anterior level of the breasts. At this line the skin re- 
sistance dropped to a lower level than in the mam large areas, but not 
down to the level of the resistance of the skin on the rest of the body. 
Such ai’cas of partial decrease in skin resistance, which must indicate 
that some sjnnpathetic innervation still remained and which we have 
found in other patients, we call “zone” areas. These areas must result 
from overlapping of the distribution of the adjacent dermatomes. 

Pig. 2C gives the photographs of a man on whom a bilateral dorsal 
synipatlieetomy had been performed eight montlis before for Rajmaud’s 
disease. The area of high resistance was similar to those found in the 
other two patients, except for a small “zone” area on the face. In the 
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Minor sweating lest this area contained several patches of black spots. 
It IS possible that this area received some fibers from the first thoracic 
nerve. 

These patterns of skin resistance and sweating closely agree with those 
which have been described by List and Peet*® and others who used 
only the Minor test. 

Lumbar sympathectomy produced high skin resistance areas with pat- 
terns which hitherto had not been described. Pig, 3 shows three views 
of the same patient with the skin resistance pattern and with the skin 



resistance and sweating test pattei-ns sujienmposeci J he .surgeon s 
notes stated that either L,, L,. and h, or 4, L„ and f., had been i-e- 
red The areas which again shoired a close eorre.spondcnce between 
'v-' -esistance and sweating inehided the .skin over the buttocks, down 
^ tei-ior surface of the legs in a lairly narrow striji to the ankles, 
the pos ^ ^ patients who 

and over uie the surgeons stated that they had removed three 

showed this sh'^ht]\ difl'evont pattern is shown in 

eangfiR nf'hi"h rcsisfanec uieluded the anterior a.s well as 

pig. 44. The area ° calves of the legs up to a line which fell 

the posterior surfaces 
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just below the kneecap. In the 5 other patients who showed this pat- 
tern the surgeons reported that 2 or 3 ganglia below or had been 
removed. Still another pattern is shown in Pig, iB. In this ease the 
area of high resistance included all of the posterior surface of the thigh 
and part of the anterior sui-face on the inside and above the knee. Two 
patients showed this pattern ; in both the operation included the ganglia 
at L,, La, and L 4 . The last pattern is sho^vn in Pig, 4<7. In this pa- 
tient the area of high resistance included the entire surface of the leg 
in the front up to the groin and in the back up to the buttock. In this 
patient three ganglia below Tj, had been removed. This is the only 
patient that showed this pattern. 



A. B. c. 

f>b- 5 . 

At the beginning of this study, when we had taken records on only a 
tew patients, these different patterns did not seem to follow any special 
plan. We were most perplexed by the narrow area of high resistance 
which ran from the ankles up to the buttocks. The dermatome chart of 
the disti'ibution of sensory nerves worked out by Head did not show any 
such well-defined areas, and Peet in his studies on sympatheetomked 
patients with the Jlinor test had not found anj' pattern below the curved 
line across the upper border of the buttocks. Later, however, after we 
had taken records on more patients and had found with great con- 
sistency the same patterns, also after we had found that patients with 
lesions of sensory nerves below Li showed anesthesia over a strip along 
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the posterior surface of the leg, we concluded that these areas of high re- 
sistance closely follow the distribution of the sensory nerves and that the 
pattern varied with the level of the ganglionectomy. Pigs. 5A and 5B 
show the areas of anesthesia mapped out by Poerster-^ on a patient with 
a traumatic transection of the cauda equina immediately below the 
outflow of the third lumbar nerve. It will be noted that these areas are 
almost identical Avith those shorvn in Pig. 3. Fig. 5C also taken from 
Poerster shows an even narrower strip area along tlie posterior surface 
of the leg in a patient rvith a resection of S^, So, and S3. This area is 
almost identical with that on the left leg in Pig. 7B. 



below L4 below Lj below Lz below Li BELOW T.z 

Flgr. 6. 


pi". 6 gives a schematic representation of the different patterns ar- 
ranged according to the level of the ganglionectomy beginning with a 
section below U and ending with a section below T,,. The overlapping 
reas of the distribution of the sensory areas were taken from the cHs- 
tribntion charts of Head” and of Poerster.” The latter wa.s published 
- Fulton.” Ill figures the arrow.s point jiot to the center of the 

^ -v areas but to the lowest part of the area which o\erlaps with the 
sensoij , . PS When L4 wa.s the last infaet gaiiL'lion. the aiva 

S" 

of high ^ included more of the surfaee of tlx- leg until tinaliy it 

gauglioiiectonij g^qace. the IS patsents, 1 .siunved the firsf paf- 
iiicluded the en u ^ fourth, and ! the fifth; one with an 

tern, 5 the secon , , no increased resi-stanee at ail In nearly 

unsuccessful operation sho 
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every instance the location of the lesion worked out from the sensory 
distribution chart of the different patterns coincides with the level at 
which the operator stated that the lesion had been made, with the excep- 
tion that in two patients in whom the surgeons stated that the first lum- 
bar ganglion had been removed the area of high resistance did not in- 
clude all of the anterior surface of the thigh. The discrepancies which 
existed may have been due to the variations in the location and fusion of 
the ganglia, as well as to the difiieulties of identifying the different 
gangha during the operation. 

On the basis of this Itnowledge of the close correspondence between 
the sympathectomy and sensory dermatomes found for the various lum- 
bar sjunpatheetomies, it is possible now to state that the same principle 
applies also to the dorsal sympathectomies. According to the dermatome 
chart of Poerster, the overlap of the fourth doi'sal dermatome should 
extend approximately lyo to 2 inches above the level of the nipples. In 
the three patients described above in whom the lesion was made below 
the third lumbar ganglion, the lower border of the affected area was ap- 
proximately 2 inches above the level of the nipples. 



A. B c 

Fist 7. 

Thus far we have used this method ehieflj- to detei-mine within a few 
days postoperatively the results produced by sjnnpathectomy performed 
at the Johns Hopldns Hospital and at the Baltimore City Hospital. We 
have also used the test to determine whether or not regeneration had 
taken place in patients operated upon two to three years previously and 
OR patients operated upon in other hospitals in wdiom the success of 
the operation was doubtful. Pig. 7A shows the mapping of the high re- 
sistance areas in a patient wlio had had a bilateral lumbar sympathec- 
tomy two years before. On one side she showed the typical areas. On 
the other the skin showed the same level of resistance over its entire 
surface. The results of the Minor test confirmed this finding. This 
R'Quld indicate either that originally the chain on the left side had not 
been removed or tliat regeneration had taken place. Since the opez'ation 
"■'AS successful on one side, it would seem likely that the removal had 
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been incomplete on the othei- side, thus allowing regeneration. Clin- 
ically symptoms of hypertension were again present in this patient. 

We used the test for the examination of a patient brought to Johns 
Hopkins Hospital from another hospital. The patient suffered from 
Eaynaud’s disease. He stated that four months before he had had 
an abdominal nerve operation in another hospital for this condition. 
Clinically it was difficult to determine whether he had actually been 
sympatheetomized. Onr test showed no areas of high resistance on 
either leg. The Minor test showed an even disti'ibution of sweating on 
both legs. It was concluded that the sympathetic chain must still be in- 
tact on both sides. 

The same method was used in another patient who likewise had been 
sent here from another hospital. He showed severe Rajmaud-like symp- 
toms, which were, however, not entirely tj^pical, in his feet, hands, nose, 
and ears. The report from the other hospital stated that a bilateral 
lumbar sympathectomy^ liad been perfoimed more than sLx months be- 
fore. Clinically it was not clear that the sympathectomy^ had been per- 
foi-med. Some of the clinicians who saw the patient stated that he 
sweated; others, that he did not. A dorsal synnpathectomy for his nose 
and ears was considered. However, the clinicians did not want to 
recommend this operation if a lumbar synnpatheetomy had been per- 
formed without any' visible improvement. Skin resistance tests showed 
that lumbar sympathectomy had been performed on both legs, prob- 
ably below Lj on one leg and below on the other leg. The photo- 
gr*aphs in Pigs. 73 and 7C show the areas. The Minor test completely 
confiz’med onr findings. 

We have also had occasion to use this method for the examination of 
areas affected by gaizglionie alcohol block. Here also, it gives a veiy 
shai’p demai’catioiz of the affected areas. Similarly, izi three eases of 
spinal cord lesion we have also obtained sliaz’ply' defined areas which 
corresponded to the location of the lesion in the cord. 

DISCUSSION 

Up to the present the Minor starch siveating test was tiie only avail- 
able method for the determination of areas of skin on the liead and on 
the body' which had been affected by sympathectomy. This method lias 
several shortcomings. It requires a considerable amount of time and 
kill to paint evenly the entire body, or only half the body, with the 
^ t ’ oil and iodine mixture and to cover if zvith tiie starch powder. 
SrtLrmore, after the test a showw and scrubbing arc l•e(^uired to n- 
^ ^ mixture On coloi'ed patients the i-esults often cannot be in- 

nioz'e 1 -fiirtliei-, since many' individuals do not siveat even zvhen 
terprete , . patii, its use is limited. The lines at' demarcation 

placed in t ze y^-eat and those that do not are not always sharply 
between areas z ^ di-scover the pattern on the legs which 

defiizcd. i-eiista«ice metJiod show.s the .shortcoming.^ 

we have found zvith 
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of the starcli method. However, once tlie presence of these areas was 
definitely Imoivu, special care in giving the Minor test also brought out 
the same pattern of sweating. 

In contrast, the skin resistance method requires very little time. The 
mapping for cervical and lumbar sjanpatheetomies requires only five 
to ten minutes. The lines of demarcation are sharp and remain quite 
constant from daj’" to dajL Onlj’ a small amount of external heat is 
necessary to bring out the difference in resistance in the different areas. 
The test can be made equally well on colored and white individuals and 
on individuals who do not sweat enough for application of the Minor 
test. 

The results seem to establish a close correspondence between sensory 
and sjTnpathetic dermatomes. The exact determination of the sjmpa- 
thetic dermatomes will have to wait for experimentation on monkeys or 
apes in which skin resistance mappings are made after removal of two 
or three ganglia. It is very likely that by means of the skin resistance 
method it will be possible to map out areas affected by removal of only 
one ganglion. The affected area would be expected to show itself as a 
“zone” area despite the overlapping of the two adjacent dermatomes. 

These skin resistance tests show that the dorsal sjmipathectomy as 
performed bj’- Telford,^' Livingston,"® and Smithwick®® affects the head, 
neck, and all of the arm, except small areas under the armpit. It is 
fully adequate for sympathetic denervation of the upper extremities. 
The tests show that the removal of the second and third lumbar ganglia 
denervates all of the leg below the laiee and all except the anterior 
surface of the thigh above the knee. This is in agreement with the con- 
clusions arrived at by Smithwick^' on the basis of clinical studies. Ee- 
moval of the fii-st lumbar ganglion, whicli denervates the entire leg, 
would probably be better, except for the fact that in men it interferes 
with ejaculation. 

Since such a close correspondence exists between the areas of high 
resistance and the distribution of the sensory nerves, this test maj' be 
used in the mapping of areas of sensory loss ; and it would have the ad- 
ditional advantage that it does not depend on cooperation on the part 
of the patient. 

SUJLALVRY 

1- A method was described by means of which areas affected by 
sympathectomy can be mapped on all parts of the body. Tliese areas 
offer a high resistance to the passage of a very small direct current. Tlie 
unaffected areas have the normally low resistance. The line of demar- 
cation between the two areas usually is so sharp that the resistance may 
drop from many thousand ohms to only a few hundred ohms in less 
than 14 inch. 

2. The areas of high resistance do not sweat. This was demonstrated 
by the itlinor starch sweating test. The areas of high resistance and of 
iionsweat gland activity showed an almost perfect correspondence. 
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3 . Twenty patients were studied with this method, 3 with dorsal 

lumbar sympathectomy, 
resistance produced by sympathectomy closely 
+ +h- 7^ sensoiy deimatomes. The lumbar sympathectomy brought 

out this relationship most clearly. Five different patterns produced by 
lesions below T^o, L^, L^, L3, and L4 were demonstrated. 

5 . The method was applied in determining the success of sympathec- 
tomy, the areas of skin affected by the operation, and the presence of 
regeneration. 

6. Similarly, skui resistance tests were used in localizing spinal cord 
lesions. 


7 . Compared to the Minor starch sweating test, the determination of 
skin resistance is simple and involves less time and discomfort for the 
patient; it can be used on colored as well as on white patients and 011 
individuals who do not sweat siifficientlj^ to color the starch paste; and 
it gives very sharp boiindai’}^ lines between affected and unaffected areas. 

8. Since this technique requires little or no cooperation from the pa- 
tient, it should be useful for the mapping of sensory dermatomes. 


We want to thank Dr. H. B. Shumacker, Jr., and Dr. I. R. Trimble of tlie Depart- 
ment of Surgery and Dr. F. R. Ford of tlie Department of Neurology for their \ery 
helpful cooperation. 
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NEPHROLITHIASIS DUE TO INFECTION WITH THE 
BACILLUS PROTEUS* 

C. D. Creevy, M.D,, lIiNXEAPOus, JLnn. 

(From the Urological Division of the Department of Surgery, the 'Medical School of 
the 'University of Minnesota) 

BACILLUS PROTEUS 

'T'HE Bacillus proteiis was fii-st systematically investigated by Hauser 
* in 1885. It is widely distributed in nature, having been found in 
soil, decomposing animal matter, and in human and animal feces. It 
is a pleomorphic, motile, gram-negative rod one to thirty microns in 
length, and rapidly forms a spreading “ground-glass” layer on solid 
media, in which it liquefies gelatin and produces indol, phenol, nitrites, 
hydrogen sulfide, and ammonia (Meyerhof). It is finally identified by 
its fermentation of certain sugars to acid and gas (Topley and Wilson). 
Inoculated into animals, it may die, pi’oduce abscesses, or cause sep- 
ticemia. It is only weakly antigenic. In man it has caused infections 
in the middle ear, mastoid, meninges, intracranial sinuses, eye, nose, 
throat, gall bladder, peritoneum, female internal genitals, bones, testes, 
and urinary tract. 


IXFECTIOX OF URIXARY TRACT 

According to Cabot and Smith the B. proteus probably reaches the 
urinaiy tract only through instrumentation, although Chute has had 2 
cases in which thei’e was no such histoiy. 

Schulte did not find it in an investigation of the bacterial flora of the 
urinaiy tract, Strong having found it in such circumstances in but 3 of 
33 eases. Important factors in localization are stasis, recumbency, and 
wasting diseases. 

It is a common resident of the human bowel. Dr. M. Le\dne, bacteriolo- 
gist at the University of Minnesota Hospitals, having found it on a single 
culture of the stool in 22 of 53 consecutive patients taken at random 
ti'om the wards as well as in 4 of 6 bed sheets used by patients without 
clinical eUdence of infection with B. proteus. Thus, it is clear that the 
organism maj' be present about the exteimal urinaiy meatus and may be 
introduced by an urethral instrument, or may grow along the outer sur- 
face of an inljdng catheter. Such a catheter, whether in the urethra, a 
suprapubic fistula, or in the kidney, may be contaminated either direetly 
or from linen not grossly soiled. 

The route by which the organism, having been introduced into the 
bladder, invades the kidneys, is not definitely Imown, but Scott found 
B. proteus in the blood in 5 of 82 patients with urethral chill, suggesting 
arrival by way of the blood stream. Theoretically, of course, it may 
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ascend the periureteral lymphatics or the lumen of the previously dis- 
eased ureter or follow the lymphatics from the ascending colon to the 
light kidney. The latter route may account for infections in the absence 
of instriunentation. 

According to the literature, B. proteus is not a very common invader 
of the urinary tract, having occurred in 135 (5.4 per cent) of 2,502 
cases of urinary infection in five reported series (Cabot, Streng, Kretscii- 
mer and Mason, Scott, and Scott and Sandholzer) . 


MECHANISM OP FORMATION OF STONE 


The relative infrequency of infection with B. proteus is in striking 
contrast to its potential seriousness to the afflicted individual. Its pe- 
culiar menace is due to its ability to break down the urea of the urine 
into carbon dioxide and ammonia, the latter of which makes the urine 
strongly alkaline. The urea is apparently attacked bj’" an enzyme con- 
tained in the bacterial cell, since killed and desiccated cultures can split 
urea, although it is impossible to extract an urease from the living or- 
ganism (Day and co-workers). 

The clinical importance of this alkalinization of the urine was recog- 
nized as early as 1901 by Brown, of Baltimore, who reported 5 cases of 
stone due to infection with urea splitters, for 3 of whicli B. proteus was 
responsible. Stone formation in such cases is due to the precipitation of 
the phosphates and carbonates of calcium, magnesium, and ammonia in 
the alkaline urine. The precipitate may gather about a bit of necrotic 
tissue (Keyser), fibrin (Lazarus), or a clump of bacteria (Eovsing) ; 
or it may become adherent to an ulcer and later drop off (Hager and 
Magath) . 

B. proteus is not the only organism which can split urea. Hellstrom 
has written extensively about this phase of staphjdococcic infection of 
the kidney; according to Chute, certain strains of streptococci, B. pyo- 
cyaneus, Haemophilus influenzae, diphtheroids, micrococci, and many 
.strains of B. coli also have this faculty. Higgins has stated that 9 per 
cent of bacilli found in conjunction with nephrolithiasis can decompose 


urea. 

Other ImovTi factors in the development of neplirolithiasis in general 
are summarized in Table I. In all probability the urea splitters can 
"form stones in the absence of all of the .systemic and i)erhaps in the ab- 
sence of the local factors, although the presence of any or all of fhe laffei- 
increases enormously the danger of stone formation once such organisms 
!!ain access to the urinary tract. 


INCIDENCE OF INFECTION DY IS. PROTEUS IN NEPHROI.ITHIA.SI.S 

• tens is found in but a .small proportion of renal and ureteral 
. Af 9 537 examples of stone colleeted from ten rcfiorts in the 
lithiasis. . Pi-icstley and Osterberg, Eisenstadt, Lett, Olinte, 

D*^^fSith Korhonen, Harrington, Clinte and Enhy), <lata as to infer- 
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Table 1 

Kxqwx' Factors ix the Prodcctiox op Nephrolithiasis 


I. Systemic 

A. Deficiency of Titamin A 

B. Persistent ingestion of aikali 

C. Overconcentration of the urine 

D. Increased excretion of calcium 

1. Hyperparathyroidism 

2. Diseases of bone 

a. Osteomyelitis 

b. Atrophy (immobilization) 

3. Ingestion of acids (?) 

E. Increased excretion of uric acid (gout) 

F. Cystinuria and xanthinuria 

II. Local 

A. Stasis of urine 

1. Obstructive lesions 

2. Recumbency (stagnation in dependent calices) 

B. Submucosal necrosis of renal papilla 

C. Trauma 

D. Foreign body 

E. Infection ivith organisms .splitting urea 


tion were complete in 2,191. Sixty-five per cent of these were associated 
with bacteria in the urine. In 6.2 per cent of the whole group and in 
11 per cent of those infected, B. proteus was found. 

The organism occui's relatively moi-e often in the presence of I’ecurrent 
stones than in primary stones. Swift-Joly and many others find that 
nearly all recurrent stones are associated ivith infection and that if post- 
operative infection with urea splitters occurs, recurrence is almost certain 
to take place. Chute reported that 13 of 26 reciuTent stones were due 
to infection with B. proteus, and Twinem found the organism in 7 of 10 
patients with repeated recurrences after opei-ation. 

COURSE OF LITHI.VSLS PROM PROTEUS 

Once stones begin to form in the kidneys as a consequence of infection 
with B. proteus, the outlook is black indeed unless stones, predisposing 
causes (particulai’ly stasis and immobilization in recumbence), and the 
exciting organism can all be removed. If the urinary tract is normal 
except for the infection, the B. proteus is easily killed by acidification 
of the urine and the administration of mandelic acid; but if hydro- 
nephrosis is present, or if the patient is necessarily immobilized in re- 
cumbency as in extensive paralysis or multiple severe fractures the out- 
look is very grave. In neither instance is it ordinarily possible to acidify 
the urine; in the latter situation the stasis in dependent calices and the 
increased excretion of calcium resulting fz’om ati-ophy of bone may 
render treatment futile. 

TKE,VTMEXT 

If treatment is to he suceessful. the presence of B. proteus must he 
discovered and its serious significance appreciated. This can he done 
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only by proper culture, since it cannot be differentiated from other graiii- 
neptive rods in stained smears. It is imperative, therefore, that the 
urine be cidtured in every case of infection and of stone, and that it be 
cultured at short intervals following any type of operation upon the 
kidney which involves postoperative drainage of urine to the outside. 

After an opei’ation for stone before which the urine was sterile, the 
greatest pains must be taken to prevent infection with any organism. 
Since B. protexis is a common inhabitant of the bowel, tlie dressing 
should be covered with sterile waterproof sheeting to prevent contami- 
nation from the bedclothes if the dressing becomes soaked. 

If a pelviostomy or nephrostomy is used, special care must be taken 
in the preparation and handling of the tubing before, during, and after 
operation. Chute has called attention to the tendency of B. proteus to 
survive attempts at sterilization of rubber tubing containing deposits 
of urinary salts. This tendency can be circumvented only by constant 
vigilance. A catheter which has been used for continuous drainage of 
urine must be soaked in hot soapsuds, then in dilute acetic acid, and then 
cleaned by drawing gauze through its lumen and rinsing it extensively. 
If any deposit of salts remains, the catheter should be cut up and dis- 
carded. If perfectly clean, it should be autoclaved. Glass conneetors 
and receiving bottles must be cleansed with a mineral acid, rinsed, and 
autoclaved. The rubber tubing used to connect the catheter to the receiv- 
ing bottle cannot be sterilized adequately after use because of its length. 
New, cheap tubing carefully rinsed and autoclaved sliould be used for 
each patient and discarded. 

It is equally important that the drainage system be kept closed to 
avoid contamination from the air. A simple metJiod of doing this is to 
use a two-hole rubber stopper. One hole contains a long glass tube which 
is connected to the drainage tube. The other holds a short glass tube 
capped with sterile gauze. The whole assemblj^ is sterile, and the col- 
lecting bottle is changed dailj^ (Fig. 1). 

Reserve supplies of these kinds should be cultured periodically to make 
certain that a proper procedure is being followed and is effective. 

Immediately after the operation, fluids should be forced to insure 
diuresis, the patient turned frequently to avoid stasis in dependent 
calices and one of the sulfonamides used in small doses from the day 
of operation as an aid in preventing infection, as advocated by Stalker 


and Schulte. 

The stone should be analyzed at once. If it consists of phosphates and 
bonates it is desirable, as soon as the postoperative reaction has sub- 
d to acidify the urine to a plf of 5.4 or below and thereafter to give 
^ 1 V acid and to limit fluids until any infection has been ovei'conie. 
man e preparations of mandelic acid contain ammonia or calcium 

Because mos of the urine may increase the e.xeretion of cal- 

andbeca ^ Sulkowitch, and Chute), this regime probably .should 
cium (Along , eterilization of the urine. If it proves impos,sible 

not be continued atai .s 



CKEEVY: NEPHROLITHUSIS DUE TO BACILLUS PROTEUS 


975 


to acidify the urine, and thereby to sterilize it, or if the stone is of a 
type formed in acid urine (oxalates, urates), the sulfonamides shoidd be 
continued until the urine is sterile. 

Upon subsidence of the postoperative reaction, the patient should 
receive an adequate mixed diet with an abundance of vitamins. 



tig. 1 — Apparatus for continuous drainage of urine and continuous irrigation of 
bladder with 0*8 per cent :>ulfandamide 

If the B. proteus or another urea splitter is found before operation, 
and if the stones appear soft and crumbly or are multiple, operation 
probably ought to be deferred until the stones become denser and more 
discrete, or consolidate, or both, because of the certainty of recurrence 
around any sand left behind. At operation great care should he taken 
to remove all fragments; success should be verified by x-rays made on 
the operating table. 

Nephrostomy is imperative to avoid postoperative obstruction, to 
afford escape for blood and other detritus whieli might form the nu- 
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cleus of a new stone, and to permit acid irrigations. The last are 
intended both to afford an unfavorable culture medium for the urea 
splitters and to dissolve any sandy material left behind, although the 
latter is more to be hoped for than expected. The preferred solution 
is the mixture of citric acid and sodium citrate evolved by Albright, 
Sulkowitch, and Chute (sodium citrate, 45.2 Gm.,- citric acid, 38 Gm.,- 
and distilled water, 1 liter). This may cause considerable irritation 
and have to be diluted, discontinued, or alternated with saline solution. 
In suitable cases it may even be used as a drip. 

During convalescence sulfathiazole should be given in full doses, 
substituting sulfanilamide or sulfapyridine if the first is ineffective in 
killing the organisms. 

The nephrostomy should be maintained until the urine is sterile or 
until stasis is overcome so that the urine can be acidified to a pH of 5.4 
and kept there, when inandelate may be started and the tube with- 
drawn. It is impossible to overemphasize the importance of aseptic 
handling of the nephrostomy tube and of everything connected with 
it ; it is difficult to convince interns and nurses that a fleeting contact 
between the open end of the tube and the bedclothes during irrigation 
or the use of a syringe or solution of doubtful sterility may defeat the 
whole purpose of the surgical removal of a stone ; yet it is so. 

By these methods recurrences can be minimized, although Chute 
found that 74 per cent of patients operated upon for stone in the pres- 
ence of urea splitters had recurrences within three years. Swift- Joly 
states that: "If the infection is caused by a urea splitting organism, 
it is most probable that a secondary phosphatic calculus will form in 
a short time.” He has observed recurrence in 16 per cent of aseptic 
and 50 per cent of infected renal calculi. 

Because of the frequency with which instrumentation precedes in- 
fection with B. protens, most such infections can be prevented by 
proper attention to the details of asepsis in the use of urethral instru- 
ments and especially of inlying catheters and eystostomy tubes. In 
addition, the same regime recommended after lithotomy should be ob- 
served dm-ing drainage of the bladder; i.e., the use of sulfonamides or 
of acidification and mandelic acid, an adequate diet and fluid intake 
and, above all, aseptic handling of sterile tubing and bottles. 

C.VSE REPORTS 

Our own material at the Hniversity Hospital is too small to permit 
statistical computations. In the period from July, 19.30, to Janu- 
^ ^ 1Q40 renal and ureteral calculi were diagnosed 495 times. B. 

was found in the urine on culture in 12 cases (2.4 per cent). 
proteus admitted during the last four years. This is due 

Nine 01 “ ^i-ation of chance, in part to the increasing frequency 

in part to ) j .,,„ientation, and in part to more careful and more fre- 
of urethral ms ^tjiilics of the urine, based upon realization of the 
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serious significance of infections with this organism after painful ex- 
periences with the first 3 cases. The eases have been divided, rather 
artificially, into those following: (1) operations upon the bladder, (2) 
operations upon the kidney, (3) use of inlying catheter in patients pro- 
foundly ill, and (4) apparently spontaneous infections. 


CASES FOLLOWING OPERATION UPON THE BLADDER 

H. N. (No. 608824), aged 22 years, had a cystostoniy in September, 1932, by 
another physician because of a contracted bladder of unknomi etiology with bilateral 
hydronephrosis and hydroureter. Six weeks later he was admitted with the tube 
clogged; he had multiple calculi in the left kidney and B. proteus in the urine. 
By January, 1933, he had bilateral calculi which were growing rapidly; left 
pelviolithotomy and nephrostomy in March, 1933, were followed by prompt recurrence. 
Despite acid irrigations, the use of neoarsphenamine and ketogenic diet, and 
the passage of many stones from both sides, the patient slowly failed and died 
on July 28, 1934. Necropsy disclosed interstitial cystitis, bilateral hydronephrosis, 
pyelonephritis with abscesses, and nephrolithiasis. 

Comment. — This was niy first experience with Avhat might be called 
malignant” nephrolithiasis due to implantation of B. proteus into 
hydronephrotic kidneys. The lessons learned then have been slowly 
sinking in ever since. 

S. B. (No. 610637), aged 31 years, admitted in September, 1934, had an en- 
crusted cystitis with E. coU, staphylococci, and diphtheroids. It had resisted 
every form of conservative treatment for five years, wherefore presacral neurec- 
tomy and curettage of the bladder were done after admission. There was tempo- 
rary benefit, but six weeks later she returned with hydronephrosis and acute bilateral 
pyelonephritis due to B. proteus. Bilateral pelviolithotomy and permanent nephros- 
tomy were finally necessary-. 

She died under unknown circumstances outside the hospital three years later. 


Comment. — B. proteus apparently followed the cystostoniy tube to 
the bladder and then regurgitated to the kidneys. Stones formed and 
grew rapidly ; their removal and nephrostomy were inadequate to con- 
trol the process despite energetic irrigations and the use of all avail- 
able antiseptics. 

L. H. (No. 634521), aged 21 years, admitted in January, 1935, from another 
'ospital, had been in an automobile accident six months before. He had a fractured 
PcUis, suprapubic, perineal, and rectourethral fistulas, and multiple calculi in the 
right kidney- and bladder, infection with B. proteus, and malnutrition. 

Despite a series of efforts, including urinary- antiseptics, litholapaxy, colostomy-, 
irrigations, and dietary- management, he died in August, 1936, of chronic pyelo- 
nephritis, nephrolithiasis, uremia, and amyloidosis. 


Comment. — The initial injury was very severe; the complications 
more so ; every measure tried proved ineffective. All 3 of these eases 
eiupbasize, by default, the value of the sulfonamides. 


w‘ ' aged 7 years, admitted Oct. 30, 1939, had a largo ureterocele 

ri i 300 c.e. of residual urine infected with streptococci and Staphylococcus albus. 

re was bilateral duplication of pelves and ureters with one functionless segment 
“n each siOg regurgitation up the ureters. 
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The ureterocele was excisefl j. ^ 

»». I-U. „UI, .'“a T‘ " "O 1» ~ 

Ind B. f„ta, in He „ c.le„]„/i„™f f™ r im, l,e 

m Its ureter, and two iu tJ,e segment on the right, three 

19.0, Hght ^peivioiithoi'r 

B- proteus was eradicated later^vith sulLhin done, and 

citrate was then attached to the nenh f ^ <inp of citric acid-sodium 

were gone. “ ««P'‘--ostomy; in three weeks the ureteral calculi 



Fiff. 2.-Case D. It. Calculi following infection with B. proteus throueh a cystostomy. 

In August, 1310, the left renal ealeuli passed into the ureter; left heniinep/irectmiiy 
and nephrostomy «ere done. In October, 1910, tiie citrate drip was .started on tho 
left; in eleven d.ays the stones and S. proteus were gone (Fig. 0). The 
nephrostomies are being maintained pending recovery of the bladder. 

Comment . — Tliis is a striking demonstration of tlie vtiluc of suJfa- 
tliiazole and the citric acid-sodium citrate combination; it is a tjuestion 
whether the child has enough vennl function to permit growth and 
whether the terrifically damaged bladder will ever become iisefnJ. 

K. D. (>’o. 0015^9). agcJ ■'>'>’ >vars, admitted on .\prd C.'i, 1010, iia.l a r, current 
idant left renal calculu- with pyuria and 7>. proUu/. .V bladiler tumor had Is e/j 
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fulgurated elsewhere in 1931; a branched left renal calculus had been removed by 
another surgeon in 1931, at which time cultures shooed H. coU and streptococci; 
a fistula had been present intermittently since. 

Left nephrectomy on April 27, 1910, was followed by recoverj% Both sulfanil- 
amide and sulfathiazole were used postoperatively. On Nov. 11, 1910, the urine and 
KUB were negative and the patient symptom free. 

Comment . — ^Unilateral calculous pyonephrosis due to B. proteiis pre- 
sents no special problem other than eradication of the organism from 
the bladder postoperatively. 



I'lg. 3 — Case D. 31. Calculi dissolved by continuous irrigation with citric acid and 
sodium citrate throuffh nephrostomies. 

CiVSES FOLLOWUNG OPERATION UPON THE KIDNEYS 
1. T. (No. 630931), aged 25 years, was admitted on March 2S, 1935. Si\ years 
etore iie liad received intensive local treatment elsewhere for gonorrhea. Bor two 
Jcars he had had a mild lumbar backache. The general state was ei.cellent. The 
urine contained pus and staphylococci; KUB showed a branched stone on the right, 
two bean-sized calculi in the left pehis, and one in the left lower ureter. 

Oh -Ipril 12, 19.j5, left pehiolithotomy and pelviostomy, and on April 30, left 
ureteroUthotonu were performed. Irrigations with 1 per cent silver nitrate were 
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earned out. On May ]6, 1935, the urine from hath kidneys, contained B. proteus. 
Nevertheless, right nephrolithotomy and nephrostomy were done in September, 1935. 
Both pelves were then lavaged weekly with silver nitrate on eleven occasions. The 
ketogenie diet and neoarsphenamine were without effect. In January, 1936, culture 
showed B, proteus on both sides, after which he abandoned treatment. 

On Dec. 3, 1940, he was well bot had an occasional white cell and E. coli in 
the urine. Tlie KDB was negative. 

Comment. — This patient was evidently infected by stapliylocoeei duv- 
ing treatment for gonorrhea and developed four stones. B. proieus 
was introduced into both sides by drainage tubes after iithotoiny. 
Nevertheless, because he was robust, he had no systemic disease, no 
stasis, and resumed normal activity, B. profeus disappeared sponta- 
neously. That he is weli five and one-haif years later is due at least 
as much to good luck as to good management. He is now under treat- 
ment to eradicate E. coli. 


B, IT. (No. 671S76), aged 28 years, admitted Nov. 21, 1938, had left reual colic 
of two months’ duration. There was a stricture of the left ureferopelvic junction 
with a small hydronephrosis and .a nimute shadow in the right renal area. The 
urine was sterile. Dilatation of the left ureter being ineffective, a Y-plasty was 
done on Nov. 32, 1938. In a culture made on the day of operation, B. proteus was 
found in urine from the bladder; its signidcanee was not appreciated. 

Fifteen days after operation there was a right renal colic. A small calculus 
was pushed from the upper ureter into the pelvis, urine from which contained B. 
proteus. Thereafter acidiheation of the urine was impossible and sulfanilamide in- 
effective. Stones were passed intermittently from the right until readmission on 
Aug. 23, 1939, with fever and right renal pain. At operation flbrin and sandy 
material were removed from the indauied right kidney, and nephrostomy was done. 
Bleeding occurred into the wound that night, and the patient died despite transfusion, 
evacuation of clots, and packing. 

At necropsy, the hemorrliage was found to have come from an ureteral vessel. 
The left kidney was normal except for a little scarring. 


Comment.—B. profens was introduced at cystoscopy and overlooked. 
There is evidence that a silezit calculus was present on the right before 
operation, but it was the introduction of the organism that led indi- 
rectly to death which could have been prevented by the neplirectoniy 
vsdiich seemed at the time unwise. 


H J. (No. (154859), iiged 38 year.s, n-a.'i .adniifted Nov. 9, 1937, for disabling 
bilateral backache of long standing, not relieved by ureteral dihitation, an<I due 
to low-^rade bilateral obstruction .it the ureteropeJv/c junction, with sferilo urine, 
la November, 1937, a- right Y-phisty was done, liecorory utis uneventful, but a 
oath later urine drained from the wound until n small .stone ivns pas.'<od. B. 
was then found in the urine but re.-iponded to .■.idfaniiiimido, 

Y tasty was done in June, 19.38, llecorery was uneventful, but he returned 
Left T ‘ renai colic, n stone 3 cm. in diameter in the left kidney, 

in two mon nrotcus. On .\ugu.st 9 left peiviolithotoiny was performed and 

and p>uria ^ of sulfanilamide d.-iily for three weeks, 

the urine Stcri ir orography showed no ealeuli, and in .Vugusf the urine 

In June, 1910i - 

was sterile. 
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Comment . — One wonders at the temerity of both patient and surgeon 
in iranting a second operation after the experience with the first, yet 
sulfanilamide unquestionably saved the day. 

il. B. (No. 675383), aged 58 years, was admitted Peb. 6, 1939. Por two years 
he had liad left renal colics and pyuria, due to bilateral multiple calculi with pus 
and diphtheroids in the urine. After left pelvionephrolithotomy and nephrostomy 
in Pebruary, 1910, B. proieits was somehow introduced, and although recovery was 
good, recurrence was prompt. Because of the presence of hydronephrosis and 
calculi, it has been impossible to destroy the organism. Curiously enough the patient 
has remained symptom-free, although his outlook is not good. 

Comment . — Operation defeated by the introduction of B. proteiis. 

CASES DUE TO THE INLYING C.ITHETER 

E. J. (No. 686081), aged 27 years, was placed in the respirator because of bulbar 
poliomyelitis with retention of urine in September, 1939. The urine on admission 
contained pus, B. coli, gamma streptococci, and Staphylococcus aliiis. 

Despite many attempts at acidification, the use of sulfanilamide, and sufficient 
recovery to permit sitting up and removal of the catheter, B. proteus appeared first 
on Peb. 18, 1940, resisted treatment, and caused death on April 14, 1940, Necropsy 
disclosed acute bilateral pyelonephritis with multiple abscesses and calculi. 

Comment . — Better care of the inlying catheter would have prevented 
this all too common outcome in a patient with temporary paralysis of 
the bladder. Such occurrences, so frequent after injuries to the spinal 
cord, are a reflection upon the handling of patients with paralyzed 
bladders. 

J. S. (No. 685656), aged 47 years, was confined for several months in another 
liospital because of fractured ribs, spine, and skull. He was at first unconscious 
and had an inlying catheter. In August, 1939, two months after discharge, left 
renal colics led to admission to the University Hospital. In September he had a 
branched calculus on the right and a stone 2 cm. in diameter on the left (Fig. 4). 
Left pehdolithotomy, nephrostomy, acid irrigations, and sulfatliiazole killed the 
B. proteus on the left. In January, 1940, the same procedure was followed on the 
r'ght, and he was discharged, free from B. proteus, on Feb. 24. 

In June, 1940, he was symptom-free, x-ray was negative, and the clear urine 
contained a “coagulase negative” (presumably nonpathogenic) staphylococcus. 

Comment . — The apparently successful issue depended upon disap- 
pearance of the predisposing causes (immobilization, bone atrophy, in- 
lying catheter) and careful postoperative eradication of the organism. 

H H. (No. 691126), aged 39 years, was admitted in shock duo to right renal 
colic and fever in March, 1940. She proved to have a bilateral duplication of the 
renal pelvis and ureter with calculi in the right upper segment and its ureter, and 
•n the left lower segment, both infected with B. proteus. Her condition was pro- 
canous. The blocked right upper segment wa.s drained with an inlying catheter, 
and the ureteral stone was finally pushed into the pelvis. Right pelviolithotomy and 
nephrostomy were done on April 20, 1940. The B. proteus was killed by irrigations 
and sulfathiazole. 
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SUMMARY 

Thirteen cases of nephrolithiasis secondary to infection by B. proteus 
have been reported. The organism, resident in the bowel, is usually 
introduced into the urinary tract by or through the catheter, forms 
ammonia from the urea of the urine, thus alkalinizing the urine and 
precipitating the phosphates and carbonates of calcium, ammonia, and 
magnesium, especially in the presence of stasis, recumbency, and in- 
creased excretion of calcium. 

In 11 of the 13 patients (84 per cent) it is known to have been intro- 
duced by catheters, usually employed as nephrostomies or cystostomies. 
In 2, congenital anomalies of the urinary tract were present. In 9 
(70 per cent), the calculi were bilateral; 2 grew very rapidly under 
observation. Five (38 per cent) of the patients died, 4 as a direct re- 
sult of the infection and lithiasis, and 1 from a surgical accident. 

Treatment was entirely futile in the earlier cases but is gradually 
improving for four reasons : the development of effective urinai-y anti- 
septics (sulfanilamide and especially sulfathiazole) and the citrate- 
citric acid irrigant ; a clear understanding of the mode of entrance of 
the organism into the urinary tract ; an appreciation of its extraordi- 
narily serious potentialities ; and comprehension of the role of predis- 
posing factors such as stasis and i*eeumbency. 

As a result, 7 patients have been apparently cured of the infection, 
and 6 of the stone-forming tendency by a combination of operation and 
.sulfonamides, and in suitable cases, irrigations with citrate-citric acid. 

Three must be classified as cures more or less by default, since 2 
followed nephrectomy for unilateral disease, and 1 occurred sponta- 
neously after removal of calculi. Two of the "cured" patients have 
E. coli but not pus in the urine, and 1 has calculi in the unoperated 
segment of a double kidney, apparently having started these stones 
before the organism was eradicated. 

The real solution of the problem lies, however, not in removing 
stones, relieving stasis, and curing infection, but in preventing the 
entrance of the organism into the urinary tract by adequate, painstak- 
“ig, and persistent attention to the proper sterilization of catheters 
end their adjuncts, to their aseptic introduction and fixation, and 
above all, to the proper care of systems draining urine from the body, 
fo this end, educational activities by informed urologists are imperative. 
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EXTEADUEAL HEMOEEHAGE IN THE POSTEEIOE FOSSA 

Claude C. Colejiai^, M.D., and J. L. Thojison, 3I.D., 
Eichmond, Va. 

(From the Department of Neurological Surgery, Medical College of Virginia) 

T^ISCUSSION of extradural hemorrhage in the literature has been 
^ restricted almost exclusively to those clots which result from lacera- 
tion of the trunk of one of the branches of the middle meningeal artery. 
Clots from this source cause rapid and direct cerebral compression. In 
typical eases they are readily recognized, but inasmuch as they do not 
always develop classical symptoms, the mortalitj^ continues high because 
of late diagnosis. 

Extradural hemorhage from a lacerated sinus of the cerebral dura 
is rare, but some recognition is given in the literature to the possibility 
of clots from this source. 

Little attention has been given to extradural hematoma in the posterior 
fossa whei’e the arterial supplj’’ of the dura is scanty. A clot forming 
between the dura and bone of the posterior fossa arises from a laceration 
of one of the dural sinuses. 

A review of the literature fails to record any clinical discussion of 
these cases prior to McKenzie’s^ article in 1938. This writer describes 
such a case in a child recognized only at autopsy where an exti’adural 
clot measuring 2 cm. in thiclmess and 5 cm. in diameter was found over 
the right cerebellar hemisphere. He also relates the history of two adult 
patients, each of Avhom had extradural cerebellar collections of blood as 
extensions from extradural clots over the cerebral hemispheres. A pos- 
terior fossa operation was performed on one patient who died shoitl}' 
afterward. The other patient had a temporal exploration and the pos- 
terior fossa clot was found at autopsy. 

Lecouut and Appelbach- in 1920 reporting on 504 autopsied cases 
of skull fracture had 8 eases of extradural hemorrhage in the posterior 
fossa. The source of hemorrhage in each instance was from one of the 
transverse sinuses and the clot did not exceed 50 Gm. Likewise, Vance’ 
m 1927 recorded 512 autopsies of skull fracture and noted 4 cases of 
extradural hemorrhage from torn lateral venous sinuses. However, it 
was not clearly stated whether these clots were entirely confined to the 
po.sterior fossa or extended upwmrd over the occipital lobes, ilayfield^ 
recently had a patient in whom a cerebellar clot was suspected but who 
died before the posterior fossa could be explored. Autopsy revealed 
iui extradural cerebellar hematoma. 

The pi'esent case is reported in considerable detail because of the 
larity of the eondition, the fact that we found no reported ease which 
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recovered, and to emphasize the features of a clinical picture which is 
ug 1I3' suggestive ot extradural lieniorrliage in the posterior fossa. Care- 
ful study of the ease led to a correct preoperative diagnosis and the ap- 
propriate operative iiroeedurc was followed by complete reeoveiy of the 
patient. 


Ca.s-K Kei’ou'r.— (N't). 7.'!S9I.) A proviousJy lioaltliy ncffro male, .0 years of age, 
was iulmittca to Saint l‘)iilip IlospifaJ, Dee. 18, W;}9, and diseiiarget] .Tan. 3, 19t0. 

i tistnl llbic.sv, day.s before adm!.s.‘'ion t!ie eliild fell from a moving truck, 

striking the buck ol lii.s bead, but iva.s not rendered uneonscious. .Shorfiy afterward 
a. was brought to tlie eniergeney room of the hospital wiiere examination .'dioived an 
.ilert anti cooperative eliild, the only sign of injury being a small hematoma in the 
left oeeipital region. All rcHe.xes were normal and the patient was discharged. He 
was returned in about twenty-four tiours becau.se of iieadaclie, some drowsiness, and 
because he had vomited onee or twice. Again the neurological e.xamination was es- 
.seatlally negative. The ehihi was l.nken home and was brought to the hospital again 
the following night. Thi.s time he was moderately drowsy, occasionally very rest- 
less, coniiilaincd of headache and had vomited .several times. There were still no 
abnormal neurological findings. However, the patient wa,s admitted to the hospital 
for observation. Fifteen lionr.s later (morning of the third day following accident), 
the eliild w'a.s very droivs.v but moved reiidilj' on painful stimulation. He would 
persistently lie on the left .side and when turned on his back would again promptly 
turn to the left side. 


On oxaininatiou the hematoma in the left occipital region was still present. The 
neck was spastic and the patient cried out when attempts were made to fle.x it. 
The pupils were C((ual, moderately dilated and reacted to light. There was no 
nystagmus or strabismus. All cranial nerves wore normal including the optic disks. 
The patient moved all extremities equally well, but there was definite generalized 
hypotonia. The biceps, triceps, knee and ankle jerks were now entirely absent. 
The Babinski sign was absent. The general physical e.vamination w'as essentially 
normal. The blood Bkissernumn test was positive. X-ray e.vamination of the skull 
in the anteroposterior view showed a long linear fiacture extending from the 
lamboidal suture downward into the foramen magnum in the midline (Fig. 1). 


The eliild was now obviously seriously iii and an immediate operation seemed 
advisable. The operative site wa.s largely determined by the sequence of events 
wdiieh had taken place since the accident. Briefly, the child was not stuporous but 
Iiad been unconscious, the neck was spa.stie and passive motion ivas very painful. 
He invariably lay on the left side, liypotonia developed and later areflexia appeared, 
Ifter these facts were established and knowing- that a fracture of the occipital bone 
was present, it seemed most likely that a blood clot was present in the posterior 
fossa causing cerebellar compression and ob.structive hydrocephalus. 

Operation (J. L- ^■)> 1939.—Vnder ether anesthesia, bilateral anterior 

■ietal burr openings were made to rule out possible clots over the cerebral hem- 
The left lateral ventricle was tapped and 30 c.c. ot clear ventricular 
ispieies. under pressure. The needle w'as withdrawn without removing 

fluid ° liydrocepbalus gave added proof that an obstruction ivas present 
more nm . Consequently, the patient was prepared for bilateral burr 

in the pos erior fossa. An opening was made over the center of the right 

openings of tie p about 10 c.c. of old, thin, dark blood escaped under marked 
fossa and inline la blood clot was readily visible beneath, necessitating an 

pressure. An orga jucision in n bow-shaped outline and removing the bone 

extension of fossae in order to expose the hematoma (Fig. 2), The early 
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organized hematoma was then removed with suction and by pulling adherent por- 
tions an ay from the dura. The clot was at least 3 cm. tliick near the midline and 
had compressed the midline structures and right cerebellar hemisphere considerably 
more than the left. An inspection of the borders of the hematoma showed that it had 
extended on the right, lateralward to the sigmoid sinus. Above, the dura enclosing 
the lateral sinus was stripped from the bone near the toreular, while on the left, 
the edge of the clot was near the sigmoid sinus, and below it had extended to the 
foramen magnum (Fig. 3). As a small portion of the clot was being pulled from 



borm.?' film showing: Ions linear fracture from tlie inion to the posterior 

arrows foramen magnum in the occipital bone. Fracture Ime indicated by 


l^e toreular, there was profuse bleeding winch stopped upon releasing the tension, 
s!- 5 "'*^ therefore coneUided that the toreular Herophib had been torn when the 
m ua.s fractured and that the lacerated venous channel was the source of the 
'cmorrhage. AVhen all of the hematoma had been removed, the contents of the 
posterior fossa rc-expandod and began pulsating. Immediately the noi.sy and 
|tri.guiai- respiration became quiet and even. The uound uas closed in lavers with 
'nterrupted blaeh silk. One rubber ti.ssuc drain was placed in the right extradural 
*P-'co and was reinoted Iwcntv four hours later. 
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llio patient leaeto.l promptly from the anesthcMa and four hours later could 
talk eoheiently hut uas moderately diowsy. lmpro\ement uas continuously satis- 
laetury so that ho uas up ahout the ward on the cleronth postoperative day. Ex- 
amination showed that the wound had healed by primary intention. There was no 
.stiirnoss of tho neck. The cranial nerves were normal. There was normal muscular 
tone of tho extremities. All of the deep and superticial refle.xes were present, equal 
and uoimally active. Thu Uabinski sign was absent. There was no ataxia. The 
child was discharged sixteen da>s after admission. When seen m the out patient de- 
partment two weeks later the examination was negative and his mother stated that he 
•seemed normal in all respeet.s. Tho patient w.-is la.st seen on Jan. 21, 1911. At that 
timu ho had no complaint, the neurological examination was negative, and he ap- 
pearod to Im\o no impaiinient. 



Fig-. 2. 3. 


2. — Appeaiance of incision fifteen days after operation for e\acuation of extra- 
duial hemorihage fiom the posteiior fossa. 

pjg 3 — Diagrammatic view of tlie size and location of the ciot in the posterior 
fossa 


The relatively slow" onset of symptoms in this case, requiring- more 
than sixty hours for drow'siness to appear, was caused by obstruction 
of the ventricular system by the slowly forming clot, rather than by 
direct pressure of the clot on the cerebellum. A hematoma from sinus 
origin forms slowly because the venous pressure within the sinus is onl 3 " 
1 t 4 to 6 mm. of Hg. Since there are no large arterial vessels on the 
d ■ 1 surface of the posterior fossa, it is safe to assume that all surgical 
’n this region are of venous oi'igin. Therefore, a rather long latent 
^ ^ i* ibly iif terms of daj"s, may intervene between the time of 
perio , pos symptoms indicating the presence of a clot, 

injury ail formed in the skull of a child the dura is more 

Before the ip surface than in an adult. Should a frac- 

tightly adlieren o ^ occipital fossa a tear in a sinus of 

ture line cross a venous 
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the tightly adherent diu'a may occur. The transient displacement of 
the bone fragments strips the dura from the bone, thus allowing ex- 
travasation of venous blood between the bone and dura. It seems un- 
likely that a tear in a sinus in this location can occur without a frac- 
ture of the skull. From reports in the literature and the experience 
of the present ease, it may be said that a hematoma of the posterior 
fossa does not occur in the absence of skull fracture. It is difficult to 
say why patients with rapidly expanding lesions of the posterior fossa 
prefer to lie on one side, usually on the side of the lesion. A suggestion 
is that an attempt is being made to keep the weight of the clot off of the 
vestibular nuclei in the vermis and vagal nuclei in the brain stem, there- 
by preventing reflex vertigo and vomiting. This phenomenon of forced 
position has been observed on a number of occasions at this clinic. Some 
years ago a young boxer received a light blow on the back of his head and 
about twenty-four hours later became very drowsy. He would per- 
sistently be on his side and Avhen turned on his back would vomit no- 
lently and rapidly turn to the side again. At operation by one of us 
(0. 0. C.) a large acute intracerebellar hematoma was removed and the 
patient made an uneventful recovery. 

Frequent neurological examinations are necessary, to observe the ap- 
pearance and progression of hypotonia and hjqioreflexia which becomes 
evident as drowsiness increases. These cerebellar signs in the presence 
of nuchal rigidity are most important aids in making a correct diagnosis. 
Even though this type of lesion is extremely rare it should be considered 
in a drowsy patient who has evidence of cerebellar compression and a 
fracture of the occipital bone. 

It is important to stress the fact that morphine should not be given 
or a lumbar puncture performed in the management of suspected ex- 
tradural hemorrhage in the posterior fossa. iMorphine notably sup- 
presses respiration in the already drowsy patient and Is dangerous when 
increased intracranial pressure is present. Ilorphine should never be 
given until the intracranial pressure has been controlled. Lumbar 
punctures may be helpful in the diagnosis of nonoperative eases of acute 
head injury, but the procedure is definitely contraindicated if an extra- 
dural hemorrhage is suspected, because sudden disturbance of intra- 
cranial relations by withdrawing cerebrospinal fluid may cause a shift 
of or pressure upon the brain stem with damasrc to important centers. 
Since the primaiy effect of an acute extradural henion’hage is to produce 
mereased intracranial pressure and since bloody spinal fluid does not 
definitely rule out such a clot, one easilj- realizes that lumbar puncture 
adds little information to the history and neurological examination. 

The diagnostic criteria for recognition of an extradural hematoma in 
tile posterior fossa are as follows: There is a history of a blow on tlie 
back of the head severe enough to produce a fracture of the skull but 
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which may or may not cause unconsciousness. This is followed by 
headache of gradual increasing severity and is usually accompanied 
by nausea and vomiting. Drowsiness and restlessness appear and pro- 
gress until the patient lapses into unconsciousness. However, during 
the drow.sy state several things may be noted. The patient prefers 
to lie on one side and will promptly return to the same side when 
placed on his liack. lYuelial rigidity develops, nystagmus may or 
may not be present, and tlie deep rctle.KCs disappear. As unconseious- 
ne.ss deepens, generalized liypotonia dcvelop.s, the pulse and respiration 
become irregular and death is imminent unless there is prompt surgical 
intervention with removal of the clot. 
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EXPERIMENTAL STUDIES ON ALIMENTARY AZOTEMIA 

II. The Relath^e liipoRTAXCE op the Peasjia .vxd Erythrocyte 
Practioxs op Absorbed Blood® 

Hexry N. Hakkixs, M.D., Ph.D,, axd C. Fraxk Chhxx, M.S., 3LD., 

Detroit, JIich. 

(From the Division of General Surgery, Henry Ford Hospital) 

’^HE occurrence of an increased blood urea nitrogen concentration in 
* certain cases of intestinal hemorrhage, partieularlj^ in patients with 
bleeding peptic ulcer, has considerable prognostic significance. In pre- 
Uous papers,^' -■ ^ the literature was reviewed on this subject of azotemia 
foUoiving gastrointestinal hemorrhage in patients and in experimental 
animals and the term alimentarj’’ azotemia was introduced as a more 
definitive name for this condition and one comparable to those applied 
to other similar pi-oeesses. This earlier work agreed closely with that 
of Schiff and associates^ and with slight variations with that of Kaump 
and Parsons.® 

Most observations on human patients and experimental work on ani- 
mals so far reported have employed the use of whole blood in the study 
of alimentary azotemia. Schiff and co-workers^ observed an appreciable 
degree of alimentaiy azotemia in one human subject following the in- 
gestion of 1.8 kg. of lean meat. That the cells rather than the plasma 
are the active principle in producing this type of azotemia was first 
stated in preliminaiy reports by one of us (C. P. C.)® in 1940, and later 
by the other (H. N. H.)' and by Boals and both of us® in 1940. In a 
later paper, Yuile and Hawkins® in 1941 reported independent -data 
confirming this conclusion. 

In consideration of this and other observations made in our earlier 
experiments, it occurred to us that the etiology of alimentary azotemia 
should be further studied by breaking the whole blood down into its 
component parts to determine if possible which fraction or combination 
of fi'aetions was responsible for the production of alimentaiy azotemia. 


EXPEBniE.VTAL 


method . — A large cjuantity of citrated beef blood was separated into 
die plasma and cell fi-actions by centrifuging. Five dogs were given 
'arying amounts of beef cells by stomach tube and five dogs were given 
beef plasma in the same manner. Tlie dogs were young, healthy, and 
apparezitlj' free from renal disea.se. 

Urea nitrogen determinations, using essentially the same method as 
that of Van Slyke and Cullen,’® were made from samples taken at 2 :00 
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and S :00 a.m., 12 :00 noon, and at 4 :00 and 8 :00 p.m. Blood was drawn 
ior analysis ironi the jugular vein of each dog during a control period 
of from one to three days preceding each series of experiments and con- 
tinued twenty-four hours after the curve had returned to normal. The 
dogs were given tiicir usual amount of food divided into four small 
feedings daily. ^ Water w'as given freely. As in our previous experi- 
iiients on the cfLects of whole blood, when the normal blood urea nitrogen 
curve was established, tlie dogs in Group A were given beef blood cells 
by stomach tube in divided doses at intervals and the dogs in Group B 
were similarly given beef plasma. 



Fig, 1. — The comparative effects of blood cells and blood plasma in the production 
of alimentary azotemia in dogs. 


Results: Relative Effects of Plasma and of Red Blood Cells . — The 
five dogs receiving the beef blood cells all showed an elevation of blood 
urea nitrogen above normal within four hours and a maximum concen- 
tration of blood urea nitrogen at various intervals between five and 
twelve hours, depending on the amount and number of doses given. 
After administration of the last dose of cells, the retui-n to normal of 
the blood urea nitrogen required from twelve to seventeen hours as 

■R'io- f which represents the result in a typical experiment, 
seen in r j- 

The five dogs that received beef plasma by stomach tube showed a 
• ■ terval between the first administration of plasma and the initial 
longer in nitrogen. The rise occurred in four experiments at 

rise eleven hours respectively. In one dog receiving 

four, eigh , deviation from the normal blood urea nitrogen 

plasma there w experiment. The maximum blood urea nitrogen 

curve throughou the four dogs which showed a rise at 

concentration ivas 
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intervals of from eight to eleven hours, one dog showing no elevation 
as mentioned. The return of the blood urea nitrogen to normal follow- 
ing the last administration of plasma required from five and one-half 
to twenty hours as shoivn also in Pig. 1. 

It was noted that wdth the exception of a small portion of the curves 
of Dogs 3 and 5 (not shown in Pig. 1) the blood urea nitrogen was al- 
waj's higher for the animals receiving blood cells than for the animals 
receiving blood plasma. This occiu-red even \vhen the doses of plasma 
were double that of cells. In one experiment where the maximiun con- 
centration of blood urea niti’ogen of the plasma-fed dog attained the 
same elevation as that of the cell-fed dog on the first day only, a total 
of onty 371 c.c. of blood cells was given as compared to 489 c.c. of blood 
plasma preceding the maximiun elevation of blood urea nitrogen. In the 
other experiment ivhere the blood urea nitrogen elevation persisted a 
little longer in the plasma-fed animal, the dosage of plasma was 700 c.c. 
as compared to only 395 c.c. of cells. The other three experiments re- 
vealed a much lower blood urea nitrogen concentration for the animals 
given plasma, and as mentioned beforc, in one experiment, thei’e was no 
elevation even though the animal was given 600 c.c. of plasma in 200 c.c. 
doses at four-hour intervals. 

Additional Experiments on Rats . — Deviating from our usual pro- 
cedure, two adult albino rats weighing from 350 to 400 Gm. were given 
15 c.c. of blood cells by stomach tube and at the same time 15 c.c. of 
physiologic saline solution intraperitoneally to combat any possible de- 
gree of dehydration. Three control rats received only the 15 c.c. of 
of saline solution intraperitoneally. A control rat was killed at this 
time and 3 c.c. of blood taken from the heart showed a blood urea 
nitrogen of 14.7 mg. per cent. Six hours later a blood cell-fed rat was 
killed and 3 c.c. of heart blood recovered. The blood urea nitrogen was 
47.6 mg. per cent, and the control at this time revealed a blood urea 
nitrogen concentration of 13.4 mg. per cent. This was repeated with the 
second experimental rat in eighteen hours, at which time the blood urea 
nitrogen was 29. S mg. per cent, as seen in Fig. 2. 

Effect of Ingested Blood on Rectal Temperature and General Condi- 
tion . — Rectal temperatures wei’c taken on two dogs five times daily; i.e.. 

2 -.00 and 8:00 12:00 noon, and 4:00 and 8:00 p.m. Xo elevation 

beyond the normal diurnal valuation occurred following administration 
of beef blood cells and beef blood plasma. Ilowever, tlie docs did appear 
to be sick and would lie li.stlo.s.sly in their cages. Their food consumption 
per day was somewhat diminlshi-d. Init the fluid intake was usually in- 
crea.sed after tlie administration of blood, cells, or plasma. 

COJI.WE.NT 

From the evaluation of our e.vpei-inients on azotemia following intra- 
gastric administration of whole citrated beef blood, beef blood cells, and 
beef blood plasma, it would .seem that blood in the gastrointestinal tract 
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undoubtedly causes an appreciable degree of azotemia. It would also 
seem, that blood cells play the major role in producing azotemia, and 
that the degree of azotemia is dii'cctly proportional to the amount of 
blood, cells, or plasma put ijito the gastrointestinal tract. 

Of the ingested materials used, i.e., whole blood, blood cells, and blood 
plasma, the average amount of hemoglobin in the whole blood was 11.65 
Om. per 100 c.c. as shoAvn in Table I, and the average total plasma 
px'otein of blood was 4.74 Oin. per 100 c.c. Purthermore, the average 
hemoglobin content of blood cells was 29.36 G'm. per 100 e.c. as shown in 
Table 1. Tiiese figui'cs represent actual amounts of invtehi per 100 c.c. 
In other words, 29.36 G'm. hemoglobin per 100 c.c. for blood cells equals 
29.36 Gm. of protein per 100 c.c. Hemoglobin is a protein containing 
iron and classified as a histone. Tiiese facts are suggestive that the 
azotemia was caused simpl 3 ’- bj' the absorption of protein from the gastro- 
intestinal tract with resultant urea formation in the liver from the ab- 
sorbed protein. In these e-vperiments, therefore, the chief cause of the 
increased blood urea nitrogen would not seem to be shock, hemorrhage, 
hj'pochloremia, decreased renal function, dehydration, increased body 
protein catabolism or shock, as shown in Table II. 



Fig. 


..fPopf nf feeding red blood cells in tlie production of alimentary 
2.— Tlie effect or azotemia in the white rat. 


f of Ilemogtobin.— To carry this aspect of the investigation 
ntber experiment was performed using two dogs. One dog 
further, an hemoglobin in two 30 6m. doses four hours 

was given o i.eceived 100 Gm. of pure hemoglobin in one 

apart. Pm *0036 four hours apart. As is seen in Pig. 3, both 

60 Gm. and one 40 • . , ,._j u .. 


dogs showed an mi 


ijllU - ^ . 

tial increase in blood urea nitrogen in four hours, a 
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TABja: I 


Analysis of Specimens Used in These ExpERniENTs 


SPECTMEN 

HEMOGLOBIN 

HEMATOCKIT UKEA NITROGEN 

TOTAL PLASMA 

KO. 

(GM. %) 

(%) 

(ilG, %) 

(gm. %) 

Whole Beef Blood 

1 

11.0 

33 

19.1 

4.3 

2 

12.6 

35 

9.9 

o.O 

3 

13.0 

37 

17.7 

5.2 

4 

10.0 

36 

16.1 

4.0 

5 

- 

- 

16.9 

- 

Average 

11.7 

35 

15.9 

4.7 

Beef Bed Cells 

1 

28.5 


19.1 

- 

2 

28.4 

- 

10.7 

- 

3 

31.2 

- 

13.9 

- 

Average 

29.4 

- 

14.6 

- 

Beef Plasma 

1 

- 

— 

9.1 

4.3 

2 


— 

15.5 

5.0 

3 

- 

— 

14.4 

5.2 

4 

- 

- 

- 

4.0 

Average 

- 

- 

13.0 

4.7 


maximum eoneentration of blood urea nitrogen in twelve hoiu’s, and a 
return to normal in twenty-eight hours. Furthermore, the dog receiving 
the larger dose of hemoglobin showed consistently higher blood urea 
nitrogen concentrations, leading one to believe that the degree of 
azotemia was due to and directly proportional to the amount of ingested 
liemoglobin. 

Effect of Protein . — Polloiving this observation two dogs Avere given a 
single large protein meal consisting of casein and ground beef, the first 
dog receiving S3 Gm. of protein, and the second 175 Gm. The same 
tj pe of azotemia eiuwe was obtained as for whole blood, cells and hemo- 
globin. The initial elevation of blood urea nitrogen appeared in one 
hour with a maximum concentration in five hours and a return to normal 
in twenty-five hours. Here again as shown in Pig. 4, the eiuwes parallel 

T.iBLE II 

Azotemi.v, Possible Caus-ative Factop.s and Classification-" 

I. Renal 
n. Extrareiial 

1. Shock 

2. nemorrliage 

3. Hepatorenal 

4. Uehyilration 

5. Starvation 

6. Increased body protein catabolism 

7. IlypocUloremia 

S. Alimentary ab.'-orption 

bv "'Ay be frequent, thus shock may elevate the blood urea nitrosen 

me.m.s of renal impairment, etci 
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each otliei' with the Wood urea nitrogen cin’ve of the dog receiving the 
larger dose of protein consistently several milligrams per’ cent above the 
other vTOt.il normal is approaclied. That the protein in the cellular hemo- 
globin is tlie active element is corroborated by the results of Yuile and 
Hawkins’^ (1941). Tliese autlioi's liave shown in an excellent presenta- 
tion that tlie Wood urea nitrogen rise following the injection of various 
.suljslances is (luantitativel.v proportional to their protein content. 



Time JM HObSS — — *■ 

FIS'. 3.— The effect at hemoglobin in the production of alimentary azotemia In Uogs. 



teln in the production ot alimentary azotoinia In cIoks. 

, fThe effect 

FiS- 
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Effect of Iron . — Two dogs were given approximately 1 Gm. of iron 
each by stomach tube in the form of 10 per cent iron ammonium citrate 
solution. The blood urea nitrogen curves were quite flat one and two 
days later, showing no azotemia following administration of rather 
large doses of iron (1 6m. of iron is the amount normally present in 
1,000 e.e. of human blood"). 

Effect of Urea . — It is well known that lU’ea given by mouth will in- 
crease the blood urea content. The possibility arises therefore that the 
urea contained in red blood cells might explain their greater effect in 
production of alimentary azotemia as compared to plasma. Comparison 
of the figures represented in Table I readily dispels this idea. It is seen 
that the average urea nitrogen content of beef plasma is 13 mg. per cent, 
while that of beef red cells is only 14.6 mg. per cent, an inappreciable 
difference. 

SUMMARY 

The intragastrie administration of eitrated beef blood cells in five 
experiments revealed an initial elevation of blood luea nitrogen within 
four hours and a maximum concentration between five and twelve hours 
{depending on the amount and number of doses given) with a return 
to normal in twelve to seventeen hours following the last administration 
of cells. 

Five dogs were given varying amounts of beef plasma into the 
stomach. Pour of these revealed an initial elevation of blood urea 
nitrogen between four and eleven hours, a maximum concentration be- 
tween eight and eleven hours (depending on the amount and number of 
doses given) ivith return to normal levels in five and one-half to twenty 
hours following the last administration of plasma. One dog revealed no 
elevation above noi’mal. Tlie average degree of azotemia attained for 
plasma-fed dogs Avas much less than that of the cell-fed dogs. 

A comparable curve Avas obtained in white rats folloAving administra- 
tion of blood cells into the stomach. 

Tavo dogs Avere fed 60 and 100 Gm. of pui’e hemoglobin respectively. 
Both shoAved an initial elcAmtion of blood urea nitrogen in four hours, 
a maximum elevation in tAvelvc hours, and a return to normal in tAA'enty- 
cight hours. 

Tavo dogs Avore fed large protein meals and shoAA'ed an initial elcAmtion 
of blood urea nitrogen in one hour, a maximum concentration in five 
hours, and a return to normal in tAventy-five hours. 

Blood urea nitrogen values AA-ere not elevated in tAA'o dogs given 1 Gm. 
of iron (10 per cent iron ammonium citrate) each by stomach tube. 

Analysis of the blood cells and blood plasma used indicated that the 
greater aetivitj- of cells in comparison to plasma in producing a rise of 
blood urea nitrogen could not be explained by an excess of urea inherent 
in the cells 



CONCLUSIONS 

1. Alimentary azotemia seems to be due to the red cell element of 
blood to a greater degree than to the plasma fraction. 

w. Since marked rises in blood urea nitrogen were also obtained fol- 
lowing ingestion of liemoglobin and protein, tlie rise caused by ingested 
blood probably is due to and to a large extent proportional to the re- 
sultant absorption of protein from the gastrointestinal tract. 

3. The ingestion of iron in large amounts was found not to produce 
alimentaiy azotemia. 
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REPAIR OP THE LARGE UMBILICAL HERNIA 
Elliott Michelsox, M.D., axd Willl^h Raefel, M.D., B.vltiiioRE, SId. 

CFrom the Surgical Service of Sinai Hospital) 

T he surgical treatment of the umbilical hernia depends upon its size. 

The umbilical hernia possessing a small sac is usually found in the 
young and thin, is surrounded by excellent fascia and offers no problems 
to the operator since it can be easily repaired by any munber of simple 
methods with excellent end results. \Ye are concerned in this paper 
with the large umbilical hernia which oceiu-s in older and obese people, 
has relatively poor contiguous fascial structures, and is apt to recur 
in over 10 per cent of the cases when the best type of operation is pei‘- 
formed. 

The small umbilical hernia was aderpiately controlled even before 
the time of Celsus by reduction and simple foms of trussing- The 
larger types were always difficult to reduce and even less amenable to 
binding until Lucas-Champonniffi-e in 1881^ successfully executed the 
open operation by overlapping the lateral edges of the rectus fascia. 
Eighteen years later William J. Mayo” suggested the transverse over- 
lapping of the fascial flaps and this procedure is today recognized as 
most satisfactory. The incidence of over 10 per cent recurrence* using 
the Mayo teclmique has led us to develop a modification which obviates 
certain loiomi faults. 

The umbilical hernia starts as an outpouching through the weak area 
at the upper angle of the umbilicus at the site of the obliterated omphalo- 
mesenteric vein. The vectors of force at tliis point are outward and 
dowmward and as the pouch increases in size, the bowel and omentum 
msinuate through the neck and push the lateral edges of the recti out- 
ward. Since in the large hernia the i-ectus muscle cannot be brought 
to the midline, the repair can only make use of the contiguous fascia. 
The transverse overlapping is recognized as an excellent procedure in 
strengthening the fjiseial elo.sure, but what has not been suggested in the 
piist is the possibility that the abdominal contents following the vectors 
of force may be insinuated between the flaps if the method of Mayo is 
used. We have imbricated our flaps in a manner exactly opposite that 
of the Mayo method ])y placing tlic upper flap posterior to the lower flap 
a.s seen in Fig. 1. The second weak spot in the Mayo repair is at the 
lateral angle. When one imbricates two straight fascial edges, one finds 
that either the lateral angles are not overlapped or an oblique tunnel 
i.s formed at either angle. This fault was recognized by Stone* and 
correct ed by a method of plication which, however, did not overlap the 

lUcelvoJ for publication, jrarcli 23, 19IJ. 
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first fascial layer. By curving the lateral angles upward we have pro- 
uced a convex upper flap and a concave lower flap that permit over- 
apping at all points, prevent tunnel formation at the angles, and 
do not introduce further weakening areas of the wall. 

operation 

A transverse elliptical incision is made about the umbilicus extending 
tlirough the skin and subcutaneous tissue to the aponeurosis of the rectus. 
The fascia is then cleaned for a distance about the neck of the sac and 
the sac entered. With a finger in the peritoneal cavity, the sac is com- 
pletely excised together with overlying skin. The contents of the sac are 
reduced and repair follows. If the neck of the sac has not been enlarged 
during taxis of the hernial contents, it is now done, the incision being 



A. B. 

Fig 1. — A. In the Mayo umbilical liernioplasty the vectors of intra-abdominal force 
(■indicated by arrows) allow insinuation of contents between the fascial leaves. B. 
Modified teohni(jue sliows lower fascial flap anterior to upper Bap with no insinuation 
of intra-abdominal contents possible. 

extended at the angles, cutting in an upward curve for a distance of 
5 to 6 cm. This distance may be increased without weakening the wall. 
The flaps having been cleaned of fat and connective tissue, the upper 
flap is placed posterior to the lower Sap and interrupted sutures of E 
ilk inserted, the needle being passed through the lower flap from witli- 
^ t inward then through the upper flap in mattress fashion and back 
tfirouah the lower flap from within outward. (Fig. 2.) No attempt 
• L to close peritoneum separately, the suture traversing both rectus 
IS maae The sutures are placed at 2 cm. intervals and 

fascia and p jjnots are secured. The overlapping or re- 



JIICHELSON-RAPFEL : REPAIR OF THE EARGE TJAIBILICAL HERNIA 1001 

dundant edge of the lower fascial flap is then sutni’ed to the upper rectus 
fascia with interrupted E silk. No sutures are placed in the suhcutane- 
ous layer and the skin is closed with fine sillc. In eases of marked obesity 
a small stab wound is made lateral and dependent to the incision and a 
rubber dam drain inserted. 



Fig 2 — I Sic Ins been removed and neck enlarged bv extension of the incision 
In jL curve uinv ird at the ingles A convex upper flap and a eonc.ive lower llap are 
shown as ri suit of tills oMcn'iion Interrupted sutures .ire- pliced, bringm- lower 
lUp above uppi r II ip B Rep.ilr completed bv suturing redundant fa=clal'’llin to 
upper Il.ip 

COMMENT 

c siitmcst «i niodilicdtioii of the llayo operution hcciinsc its use lias 
liocn attended b\ a moderately hi-h iieicentage of lecurrences in the 
hands of skilled surgeons. There arc two definite weaknesses in the 
ira>o lepair which can be pievented. The fu-st is responsible for re- 
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currences at the central portion of the incision and is due to insinuation 
of abdominal contents between the imbricated fascial leaves. The second 
weak area is at the lateral angle and is due to overlapping of straight 
fascial edges. Tlie operation described above strengthens the central 
weak area, prevents insinuation of abdominal contents through the 
fascial leaves, overcomes tlie weak imbrication at the angles, and prevents 
tunnel formation. It can be used in all types of umbilical hernias but is 
recommended only for the large adult cases since the small hernia can be 
cured with less radical surgery. 

CONCLUSIONS 

modification of the ma3'0 operation for large umbilical hernia is sug- 
gested. 

Recurrences at the central portion of the repair are probably due to 
insinuated contents through fascial layers and are here obviated by 
placing the lower flap anterior to the upper flap. 

Recurrences at the lateral angles may be due to faulty imbrication of 
straight fascial edges and are here remedied by using curved fascial 
flaps. 
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Editorial 


A “New” Polio Treatment 

/^NCE AGAIN the popular press has grasped a spectacular piece of 
medical news and greatly distorted it. The saga of Sister Kenny 
of Australia and her polio cure, which was first discussed in medical 
.lournals in 193S, has now reached the Hearst American Weekly (Aug. 
17, 1941) where medical men are characteristicallj’’ flayed for their 
needless conservatism and inordinate ignorance. Her empiric methods 
of liot packs and muscle training are described as likelj^ to revolutionize 
the treatment of poliomyelitis and to effect cures in more than half the 
cases treated. 

Careful statistical studies of Sister Kenny’s methods have been under- 
taken by Wallace Cole and his associates at the University of Minnesota, 
and from these it can be detei'mined whether this “abandonment of 
immobilization” is of any real value or not.’ Nevertheless until the 
Minneapolis investigators submit their final report this entire question 
must remain unsettled. 

That others devised similar therapeutic methods long ago is well 
illustrated in a forthcoming history of medicine in Texas, “ wherein 
Elena Zamora of .south Texas describes her father’s cure: 

“When a young boy (in the IS.oO’s) Porfirio Zamora and other mem- 
bers of the little settlement along the Rio Grande were stricken with 
‘El Tullidor,’ the crippler, as they called it. My father survived, but 
was left with arms and legs entirely paralyzed. He had no strength in 
his neck to keep him erect so he iiad to lie in bed all the time. One day 
an Indian from the Toleha tribes, around what is now Laredo, told my 
mother that one of the Indian chiefs of that tribe could cure victims of 
‘El Tullidor.’ Grandmother knew it was a long and tedious journey 
to Las Lajas. the Indian cneampinent there. Preparations were made 
and the cavalcade departed. Tliey went in ox carts escorted by men on 
hor.seback. Wlien tliey arrived at Las Lajas they were given a large 
cabin by the Chief, Juan Castro. He told Grandmother that he was 
going to tiy to cure her .son . . . and that he was to have entire control 
of the boy. Grandmother was willing to do anything that would restore 
her son to normalcy. 

trough long enough for father to rest in comfortably was built 
at the chiefs orders. Then the cure began. Each morning he was taken 
to the sands and allowed to lie there while two men, who took charge 
of him, rolled him over the hot sands and covered him with them. He 
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was tlion taken into the cabin and dipped into the trough filled with 
goat s milk. This milk was kept as hot as it was possible, by drawing 
off quantities of it and replacing them Avith hot milk. All the time he 
ATOs in the milk trough he Aims being massaged and his joints moved con- 
stantly. This treatment lasted for almost an hour. He Avas then bathed 
in Avarm clean Avater and put to bed. . . . He Avas left alone till late in the 
evening Avhen he Avas again massaged, but this time it Avas Avith a salve 
made from goat marroAv and pungent herb. . . . At bed time he Avas given 
another treatment. Every joint in his body Avas covered Avith a poultice 
made from ground corn, goat milk, and oil from the marrow of bones. 
These poultices Avere kept A\mrm by dropping Avarm oil on the covers. 
He slejDt Avith these bandages on. The treatment continued for many 
days. He felt as if his Avhole skin Avas raAv, but not uncomfortable. 
Every night before being left Avith Grandmother for the night he was 
given ... a tea brcAved from herbs and a small quantity of Mescal. 

"One night father aAvoke and felt a very pronounced desire to scratch 
a certain place on his neck. . . . Suddenly his fingers moved, he tried 
to raise his hand and it responded, and sloAvly but surely, he reached the 
itchy spot on his neck and scratched it to his heart's content. ... He 
tried the other hand, it moved also, but not as freely. He turned his 
neck and it responded. He AA'riggled his toes, moved his legs, and then 
he began to cry, returning thanljs to God and the Old Indian. . . . 

"It Avas not long before he Avas able to sit up, then stand and practice 
a fcAV steps. All the Avhile the treatments continued. At last he Avas 
AA^ell, his limbs began to fill out, he could Avalk for several minutes Avithout 
aid. The miracle had been performed. ...” 

Thus old Chief Juan Castro living in the loAver Rio Grande Valley 
100 years ago anticipated the routine devised by Sister ICenny in the 
Australian Bush, and as the record sIioavs cured at least one patient. 
Perhaps if physiotherapy methods in j?oliomyelitis are to be profoundly 
altered and our concepts of treatment revolutionized, the neAv therapy 
should properly be called the Juan Castro-Sister Kenny treatment for 
poliomyelitis. 
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Recent Advances in Surgery 

Conducted by Alfred Blalock, il.D. 


EBCENT PKOGKESS IN THE SURGICAL TREATjMENT 
OP LUNG TUMORS 

W. E. Adajis, M.D., Chicago, III. 

(From the Department of Surgery of the University of Chicago) 

(Continued from the November issue) 

TREATMENT 

Until within recent years, surgical extirpation of lung tissue for ear- 
cinoina ivas attended by so great a risk that most lung tumors were 
treated either by bronchoseopie removal or by deep x-ray. After years 
of investigation, treating hundi*eds of patients by this method, it has be- 
come generally believed and more recently quite definitely proved that 
bronchogenic carcinoma has not been cured by x-ray tlierapy.^®’ In a 
recent communication Steiner®* reports the results of x-ray treatment 
and its histologic effects on both the primary growth and the meta- 
static lesions. In no patient w'as a cure effected and survival was not 
noticeably prolonged by the irradiation. 

Surgical treatment has been caiwied out sporadically for several dec- 
ades. In 1912 a monograph on the subject was published by Adlei’,®'' 
who states: “There is every reason to hope that the technique of this 
new branch of surgeiy will be still further developed and that in the 
near future thoracotomy and operations on the lungs will be attended 
by no more I’isk than peritoneal operations today. If this is so, a new 
and great respousiiiility is placed upon the shoulders of internal medi- 
cine. It will be necessary, not only to educate the opinion of the laity so 
as to induce them to submit to these operations with the same readiness 
witli which they now submit to peritoneal operations, but it will also be 
the sacred duty of the physician to recognize these eases and to recog- 
nize them as early as possible. When all the means of diagnosis out- 
lined in this little study fail, where there is suspicion of tumor, but no 
assiu'imec is possible, there should be — it is emphatically here stated — as 
little hesitation is resorting to an exploratory thoracotomy as there is now 
in submit ling to an exploratory laparotomy.” Adler’s prediction has in 
siibstiinec come true and when his suggestions are followed beneficial re- 
sults from surgery can be expected. 

,liust/u.s!(/.— As has been i)reviou.sly .stated, alteration of intrathoracie 
pre.ssures with it.s deleterious effects on cardiore-spiratory function has 
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been an important faetor in the delay of progress made in intrathoracic 
surgery in general. Anesthesia is naturally very closely associated 
with the problem of preventing these deleterious effects. The main- 
tenance of sufficient lung function during a surgical pneumothorax is 
of paramount importance to the success of the operation. The prin- 
ciple of the negative pressure chamber, as well as that of the positive 
pressure anesthesia technique originally administered by means of an 
intratracheal catheter has been applied to overcome this hazard. In- 
tratracheal positive pressure anesthesia has enjoyed much success in 
performing this function. “Controlled respiration” without voluntary 
respiratory effort on the part of the patient may be obtained by the 
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use of the proper mixtures of anesthetic agents administered under 
certain pressures. It also prevents suffocation by spasm of the glottis 
°iid furthermore, allows for the aspiration of mucus and pus from the 
heobronchial tree, both during and at the termination of surgery, 
of its obvious usefulness, intratracheal positive pre.ssure anes- 
Because ^videly accepted, and without sufficient attention being 

thesia , hazards or disadvantages. That these are present 

given to p disastrous results is evidenced by the reports of 

Bradshaw.=^ Bourne,=^ and Ileidriek and co-workers.=» 
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EIsberg“ is usually credited with having performed the first thoracic 
operation nsing intratracheal insufflation anesthesia and in 1911 re- 
ported more than one hundred cases with very satisfactory results. 

Little investigative work has been reported on the deleterious effects 
of positive intrabronchial pressure on the cardiorespiratory function in 
general, and on the parenchjnna of the Inng in particular. iMacklin®'"- 
produced mediastinal emphysema and pneumothorax following overdis- 
tention of an isolated portion of the lung in eats. He demonstrated 
interstitial emphysema about the vascular tree of the lung with air pro- 
gressing toward the hilum and into the mediastinum, and reasoned that 
the pneumothorax was secondary to the emphysema. Pressures employed 
in his studies varied from 10 to 200 mm, of mercuiy. His findings were 
substantiated by Mareotte and his associates®' in our laboratory, the 
intrabronchial pressures necessary for the production of mediastinal 
emph 3 'sema being determined. A stndj' of the alteration of the arterial 
blood pressure was also made at the same time. Briefly, it was found 
that in the dog a routine fall in the systemic arterial blood pressure of 
8 to 10 mm. of mercury resulted from an elevation in intrabronchial 
pressure of 6 mm. of mercury. Intrabronchial pressures of 24 mm, of 
mercury or above were routinely accompanied by the development of 
mediastinal emphysema. The latter effect was produced in eats with 
only 20 nun. of mereiuy. 

That such deleterious effects occasionally occur from the clinical use 
of intratracheal positive pressure anesthesia is seen in reports by Brad- 
shaw, Heklriek, and others as above stated. These findings do not 
necessarily indicate that positive pr-essure anesthesia should he abolished 
i)ut that minimal pressures should be used and that one shotdd he cog- 
nizant of such deleterious effects of liigh pressures. 

That positive pressure anesthesia is not always a prerequisite for 
inti'athoracic surgeiy is demonstrated bj* the use of spinal anesthesia, a 
method which has been extensively employed with satisfactory results bj- 
.surgeons both in Canada and England. T. Edwards^® reported the use 
of pereaine (1:1,500) with consistent anesthesia xip to the level of the 
third doi-sal segment maintained for well over two hours. He stated 
that the “advantages of cxxtting off nciwe impxilses arising from separa- 
tioxx of dense adbesioiis between Ixing axxd chest wall and thereby limiting 
shock are obvious and altiiongh it is common to sec a preluxxiiiai-y fall in 
iffood pves.sxu-e duo to tlie anesthetic to rise during the later stages of the 
operation, when the operative effects shoxild he appearing.” lYhen spinal 
ancstlicsi.i is uscxl and cougli produees 7-cspiratory distres-s, damage is 
•■eoutvoUed by tlio administration of a little oxv-gen given under lj"ht 
positive pressure, with a firm-fitting face piece.” 

In the ruited States, .surgeons Jiavo usnall.v prcferi-ed general anes- 
thesia using eyelopropane nr cfhyifm--o.xygen mi.vtiire.s. Althoimh hiti-r 
traeheal ealbeler administration has been uidclv employed an ever 
iuereasing nnmi.er of surgeons have discontinued it.s u.se beeanse of the 
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likelihood of introduction of infectious material from the mouth into the 
lower respiratory air passages or of injuring the mucous membrane of 
the tracheobronchial tree with subsequent inflammatory changes.^^> 

We have found ethylene-oxygen administered through a snug-fltting face 
piece a very satisfactory anesthesia for various types of intrathoracic 
operations. 

^ In conclusion, one may say that the simplest type of anesthesia, un- 
hindered by complicating apparatus or traumatizing procedures in which 
minimal positive pressure is possible, is the anesthetic of choice. The 
method should facilitate good exposure, provide adequate oxygenation 
and support to respiration, necessitate minimal motion of the lungs mth 
least interference of cardiorespiratory function, be nonirritating to the 
respiratory passages and minimize postoperative complications. 

PREOPERATIVE PREP.\RATIOIV 

Preoperative preparation should include both local and general meas- 
ures that best fit the patient for the alteration in cardiorespiratory func- 
tion both during and following the surgical procedure. Not infrequently, 
a blood transfusion is necessary because of the existing anemia. Cross- 
matching for further transfusion either during or possibly following 
operation is also an essential procedure. Careful eheck-up of the cardio- 
vascular system will lower the incidence of postoperative shock and 
cardiac failure. The question of preoperative digitalization as yet has 
been unsettled but may prove of definite value in certain individuals. 

Where the necessity of total pneumonectomy is obvious, preliminary 
pneumothorax has several advantages. It not only gives information re- 
garding the presence of adhesions between the lung and chest wall, as 
well as some of the characteristics of the existing tumor, but prepares tlie 
patient for cardiorespiratory function using only one lung following the 
operative procedure. By reducing the lung function slowly over a period 
of several days, the shock is thought to be much less severe than when 
the procedure is accomplished suddenly during the operation. The re- 
duction in size of the lung to be removed is also of some advantage at 
the time of operation. 

Rienhoff" has advised the use of beef broth for the production of 
o-ranulations lining the pleural space prior to operation. This is accom- 
plished by the use of 50 c.c. of beef broth bouillon introduced into the 
leural cavity following the induction of pneumothorax. An effusion 
? produced which increases for approximately two days mth poly- 
morphonuclear leucocytes predominating. Within five to seven days 
predominant cell is changed as the lymphocytes increase. The object 
F- noAnrp is to prepare a defensive wall against infection of the 
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THE QUESTION OF OPERABILITY 

Coutraindications to operatioa may be directed toward the general 
condition of the patient or to local or metastatic involvement by the 
tumor. If the cardiovascular system is obviously markedly below par 
or if other degenerative changes have produced considerable debilita- 
tion, it is obviously unwise to subject the patient to such a major opera- 
tion as pneumonectomy. Since the mortality of bronchogenic carcinoma 
has been practically 100 per cent ^vithout surgical intervention, many 
patients have been treated by resection of the involved lung where little 
hope was entertained for a permanent cure. "With increasing experience, 
however, many of these hopeless conditions became obvious w^hen explora- 
tory laparotomy was performed, thus helping to prevent the operation 
from falling into disrepute. 

As in the ease of malignant tumors elsewhere in the body, obvious 
metastases contraindicate surgical intervention. "Wlien signs, symptoms, 
and diagnostic methods i-eveal no evidence of metastatic involvement, an 
e.xploratory thoracotomy is indicated. Considerable discussion regarding 
the presence of mediastinal glandular involvement as being a contra- 
indication to surgery has not led to a universal agreement. It is knoAvn 
however that tumor-bearing Ijnnph nodes may be removed together with 
the involved lung and the patient remain healthy and active without 
evidence of recurrence or metastatic involvement for some time.®®* This 
question will probably be better ansivered as more experience is gained 
in the handling of the tumor. 


OPER.\TION 

The earlier operations performed for primary lung tumors consisted 
chiefly of the removal of one lung lobe or a portioxi of a lobe. Subse- 
quent observations revealed that i-ecurrence of the tumor or continua- 
tion of growth of the metastases wms apt to z-esult in a high percentage 
of patients wliere this was carried out. Tlie operation of choice, there- 
fore, was found to be a total pneumonectomj' with resection of the medi- 
astinal hmiph nodes. iMore recentlj*, a two-stage pneumonectomy has 
been devised and carried out by Rienhoff®® in this country and by 
Edwards’® in England. This procedure has been reserved more espe- 
cially for older or poor-risk ]iatients in whom the one-stage operation 
is too dangerous. In perfoi-ming a total pneumonectomy, careful dissec- 
tion of the vessels and bronchus at the hilum with individual ligation of 
the former is the lu’oeedure of choice. This enables a higher division of 
tlie primary bronchus and an adequate exposure for removal of mediasti- 
nal lymph nodes. Tluis, by resection of an adequate amount of the tumor- 
bearing tissue at its primary site and the regional lympli nodes which 
are the first to be involved by metastases, a much higher percentage of 
permanent euros may be expected. “ 


•I'allinl r.-iiorti'il I3 Ihinj; iiml well four ;in<l 
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li celiliood of introduction of infections material from the mouth into the 
lower respiratory air passages or of injuring the mucous membrane of 
the tracheobronchial tree with subsequent inflammatory changes,'*^’ 

We have found ethylene-oxygen administered through a snug-fitting face 
piece a very satisfactory anesthesia for various types of intrathoraeic 
operations. 

^ In conclusion, one may say that the simplest type of anesthesia, un- 
hindered by complicating apparatus or traumatizing procedures in which 
minimal positive pressure is possible, is the anesthetic of choice. The 
method should facilitate good exposure, provide adequate oxygenation 
and support to respiration, necessitate minimal motion of the lungs ivith 
least interference of cardiorespiratory function, be nonirritating to the 
respiratory passages and minimize postoperative complications. 

PREOPERATIVE PREPARATION 

Preoperative preparation should include both local and general meas- 
ures that best fit the patient for the alteration in cardiorespiratory func- 
tion both during and following the surgical procedure. Not infrequently, 
a blood transfusion, is necessary because of the existing anemia. Cross- 
matching for further transfusion either during or possibly following 
operation is also an essential procedure. Careful eheck-up of the cardio- 
vascular system will lower the incidence of postoperative shock and 
cardiac failure. The question of preoperative digitalization as yet has 
been unsettled but may prove of definite value in certain individuals. 

Where the necessity of total pneumonectomy is obvious, preliminaiy 
pneumothorax has several advantages. It not only gives information re- 
garding the presence of adhesions between the lung and chest wall, as 
well as some of the characteristics of the existing tumor, but prepares tlie 
patient for cardiorespiratory function using only one lung following tlic 
operative procedure. By reducing the lung function slowly over a period 
of several days, the shock is thought to be much less severe than when 
the procedure is accomplished suddenly during the operation. Tlie re- 
duction in size of the lung to be removed is also of some advantage at 
the time of operation. 

Rienhoff'*’' has advised the use of beef broth for the production of 
oranulations lining the pleural space prior to operation. This is aecom- 
ulished by the use of 50 c.e. of beef broth bouillon introduced into tlio 
leural cavity following the induction of pneumothorax. An effusion 
• nroduced which increases for approximately two days with poly- 
rohonuclear leucocytes predominating. Within five to seven days 
predominant cell is changed as the lymphocytes increase. Tlie object 
procedure is to prepare a defensive wall against infection of the 
of tws p ^Qllowing surgery. This procedure as yet bas not been 
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gives visibility foi* the division of adhesions in the anterioi’ and superior 
aspects of the pleural space which are apt to be present in the ease of 
carcinoma of the upper and middle lobes. This appx’oach has been used 
for many years by Graham and T. Edwards and others for the removal 
of anterior mediastinal tumors, and if the incision lies beneath the breast 
in women, it ma}' leave little evidence of scar following healing and 
little or no deformity visible on x-ray examination. 

The posterolateral approach is made through an incision along the 
course of the seventh rib from its angle posterioiij'’ to the anterior axil- 
laiy line and may include the resection of a long segment of this rib sub- 
periosteally with or without the division of the fourth, fifth, sixth, and 
eighth ribs posterioiiy. This approach is used more especially for 



9. — The posterolateral approach. The incision is made along: the course of the 
seventh rib, cxtenrlins upward near tlie spmc posteriorly. The pleural stace is entered 
P^^UKh the seventh nb bed. Small segments of the sixth and eighth ribs posteriorly 
nave been removed. 

lobectomy, rather than for pneumonectomy, and has the advantage of 
permitting better visibility for the division of adhesions posteriorly and 
mferioiiy between the lower lung lobe and the diaphragm. Since infec- 
hou subseqnent to obstruction of the bronchial tree by the tumor is 
pre.sent in a high percentage of cases, pneumonitis and bronchiectasis 
"'itii subsequent inflammatory reaction between visceral and parietal 
pleurae with the production of adlicsions are common complications. Tiie 
disadvantage of this approach for pneumonectomy lies in an inadequate 
e.xi>osure of the anterior aspect of the hilum, a factor of great impoi’- 
fauce in the dissection of the hilar structures in the resection of the lung. 
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lat there remains an indication for lobectomy in the treatment 
0 a small percentage of slow-growing bronchogenic carcinomas is 
a view he d by a number of authors.^ This group of tumors origi- 
nates in the primary stem bronchi, and they are very slow to invade 
adjacent structures or to metastasize. Since the risk of pneumonectomy 
s ill remains considerably higher than that of lobectomy, if the latter 
operation is adequate to remove all tumor-bearing tissue, it is thougiit 
to be the procedure of choice in these patients. 

Approach.— -Three main sites for approaching these operations have 
received considerable attention; namely, anterolateral, posterolateral, 
and lateral. The anterolateral approach which entem the pleural space 



Fie S The anterolateral approach, showing the line of incision beneath the breast. 

With the' pectoral muscles aivicled and elevated upward the pleural space is cn teieU 
through the Uiird intercostal space. The third and fourth co.ital cartilages may bo 
divided near the sternum. 


through the third or fourth interspace from the lateral border of the 
sternum to the postaxillary line received earlier attention for total pneu- 
monectomy. The incision may be made either along the crease beneath 
the breast (especially in women) or just over the nipple along the lino 
of the interspace, and the procedure may or may not include the division 
of the second, third, fourth, and fiftli costal cartilages. Graham” and 
Overholt'- have been strong advocates of this latter procedure; whereas, 
Rienhoff” approaches through the third interspace without the division 
of ribs or cartilages. The anterolateral approach is especially applicable 
for piieumoneetomy because of its adequate e.xposure of the anterior 
aspect of the hilum for a detailed dissection of its .structure.s. It also 
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gives visibility for the division of adhesions in the anterior and superior 
aspects of the pleural space Avhich are apt to be present in the ease of 
carcinoma of the upper and middle lobes. This appz’oaeh has been used 
for many years by Graham and T. Edwards and others for the removal 
of anterior mediastinal tumors, and if the incision lies beneath the breast 
in women, it may leave little evidence of sear following healing and 
little or no deformity visible on x-ray examination. 

The posterolateral approach is made through an incision along the 
course of the seventh rib from its angle posteriorly to the anterior axil- 
lary line and may include the resection of a long segment of this I’ib sub- 
periosteally with or Avithout the division of the fourth, fifth, sixth, and 
eighth ribs posteriorly. This approach is used more especially for 



9. — The posterolateral approach. The incision is made along the course of the 
thr 1 cxtenhing upward near the spine posteriorly. The pleural space is entered 
hi.?" Ri® seventh rib bed. Small segments of tlie sixth and eighth ribs posteriorly 
have been removed. 

lobectomy, rather than for pneumoneetomy, and has the advantage of 
permitting better Ao'sibility for the division of adhesions posteriorly and 
niferiorly between the loAver lung lobe and the diaphragm. Since infec- 
don subsecpient to obstruction of the bronchial tree by the tumor is 
present in a higli percentage of eases, pneumonitis and bronchiectasis 
with subsequent inflammatory reaction between visceral and parietal 
ifieiirae with the production of adhesions are common complications. Tlie 
disadvantage of this approach for pneumonectomy lies in an inadequate 
exposure of the anterior aspect of the hilum, a factor of great impor- 
tance in the dissection of the hilar structures in the resection of the lung. 



1012 


SUKGEBY 


iiloi'e recently, a lateral approach has been devised and utilized by 
Crafoord,” of Stoclcliolm, and at the present time is receiving ever- 
increasing favor in other parts of the world. This approach utilizes an 
incision along the course of the fifth rib, extending from the fourth rib 
at its angle posteriorly, downward and fox’ward to the costochondral 
junction of the fifth anteriorly and dipping beneath the scapula on its 
way foi'ward. After division of the muscles of the chest wall and eleva- 
tion of the scapula almost the entire length of the fifth rib is removed 
subperiosteally. This approach combines all of the advantages of the 
two former approaches, thus the explanation for its increasing favor. 
It allows for more adequate exploration under direct vision and facili- 
tates materially the removal of the involved structures. 



Wic lOA — The lateral approach. Insert shows the skin incision over the course of 
the fifth rib anteriorly and curving beneatJi the scapula posteriorly. After elevat on of 
me scapula most of the fifth rib is resected and the pleural space entered througli this 

rih bed. 


Before making the incision for entering the chest, intravenous saline 
administration is begun and continued at a slow rate throughout the 
ration. If exploration reveals the tumor to be operable, blood for 
nsfusion is substituted for the saline solution and administered at a 
rate during the lung resection. During the entire procedure, 
tl 1 Vessure and pulse recordings are made at five-niinutc intervals 
A ihP <,ui-eon is informed if any severe alteration occurs, 
ana xn o ^leural cavits'-, examination of the tumor is iminedi- 
0“ to ertata oporobility. The of fiction to 

ately jg of importance in determining this factor, ilediasti- 
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nal lymph nodes may be enlarged due to infection complicating the 
primary condition. Adhesions are divided and oozing of blood is con- 
trolled by direct application of warm, moist sponges. As previously 
mentioned, where adhesions are dense and extend over a wide area, 
shock may be so severe as the result of their separation that the two- 
stage operation is indicated. This consists of the mobilization of the 
pulmonary artery and its division between ligatures. The wound is 
then closed and the lung removed at a second stage. IVhere few dense 
adhesions are present and little shock is observed in their division, the 
one-stage operation is advisable and proceeds as follows: The dia- 
phragm on the immlved side is paralj'zed by the dmsion of the phrenic 



lOli. — Photograph of patient &howmg healed incii^ion of the lateral approach to 

the pleural cavity. 


nerve between ligatures. This reduces the amount of motion in the 
lung to be removed and helps to i-ediice the residual .space snbseQuent 
to surgery. Careful dissection of the hilar structures with mobilization 
uf the main pulmonary artery and two pulmonary veins necessitates 
entering the mediastinal region, since that portion of the vessels lying 
outside of the mediastinum is too short for adequate ligation before 
division. Ligation of tlie vessels is best perfoi-mcd with nonabsorbable 
silk or linen sutures, rather than catgut, since the latter is more apt to 
slip, resulting in a fatal hemorrhage. The vessels are then divided 
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between ligatures, two of -which have been placed proximal and one 
distal to the site of division. To insure permanent closure of the 
-^essels a transfixion suture may be used for one of the tivo proximal 
ligatures. The mediastinum is then explored and all lympli nodes 
removed. 


Reflex Effects During Operation . — Considerable emphasis has been 
placed by some authors on the deleterious effects during the dissection 
of the hilar structures, clamping of the bronchus, and ligation of tlie 
pulmonary artery due to reflex activity. It is well recognized that 
serious cardiorespiratoiy disturbances may result from reflex action due 
to stimulation of nerve endings in the parietal pleura, at the root of the 
lung, and in the mediastinum. The nerves over which these impulses 
must pass include the vagus, S 3 mipathetie, phrenic, and intercostal. This 
reflex action niaj'- be abolisiied b}'- local anestliesia and maj^ be increased 
bj'- light general anestliesia. Mori-ison'' produced sudden death in rab- 
bits by crushing the pedicle with a clamp which produced an arrest of 
respiration in the inspiratory phase. This action could be prevented by 
first sectioning or injecting the vagus nerve proximally with novocain. 
Cardiac arrest was also produced by Nissin’® and by 0 ’Shaughnessy'’®' ” 
by clamping or ligating the hilum en masse in experimental animals. 
Dissection of the hilum maj’- oecasionallj’’ cause a slowing of the heart 
rate and lowering of the systemic blood pressure, the degree of which is 
of little consequence. Temporary cardiac arrest has been reported due 
to this procedure, and pnerrmorieetomj’- was prevented in one case when 
cardiac arrest resulted on attempts to clamp the pulmonary artery.” 
This is unusual, however, little change iir blood pressure level or heart 
rate being the common observation. Animal experimentation carried 
out in monkej^s and dogs bj" Monod^® bears out the above clinical obser- 
vations. Although inhibitory effects were noted, tliej^ were never sufifi- 
eiently strong to produce cardiac arrest even with rough handling of 
the lung root or crushing the hilum en masse including the vagus nerve. 
Cocaine applied to the hilum before dissection has becir advocated to 
avoid these reactions. I have never observed these iirrtowar'd effects and 
from personal communications have been led to believe that they have 
been overemphasized. 


Closure of Bronchial Stump . — Followiirg the division of the pulmo- 
nary artery and veins, the primary bronchtts is freed from the sui-i’ound- 
in'' structures to a point not more than 2 cm. below tbe bifurcation of flic 
trachea The point of division of the bronchus will depend chiefly' on 
the site of the tumor, a fact determined by bronebo.scop.v pi-ior to opera- 
Cases have been reported iir wliieh eveir the lower part of the 
a has been resected for extremely Irigh-lyirrg fttmors. Several 
tracre ^nmo-irr" the br-onehral .stump have beerr advocated, birt 

methods for loo per ceirt of tbe cases. Leakage f.rl- 

norre has pro\ etump has been one of the nrajor causes of seric 

lowing closure ot tire sim i 


rroiis 



RECENT ADVANCES IN SURGERY 


1015 


postoperative complications. These complications include empyema, 
tension pneumothorax, pneumonia in the remaining lung, and sudden 
drowning of the remaining lung by fluid collected in the residual pleural 
space. These complications have given rise to the oft-repeated but as 
yet unaziswered question as to -wlietlier thoracoplast}^ should he per- 
formed at the time of or following the pneumonectomy. 

It was well established at an earlier date by Bettman,-^ and later sub- 
stantiated in this laboratory,-^ that the healing power of the bronchus 
per se was peculiar in nature; thus when the bronchus was occluded by 
mass ligature following resection of an entire lung, reopening of the 
same could be predicted in a high percentage of animals. The explana- 
tion of this complication was chiefly on the basis of lack of healing in 
tlie bronchus per se when the lining mucosa remained intact. When the 
mucosa was destroyed loy crushing of the bronchus or by cauterization 
prior to its obliteration by ligature or suture, reopening could be pre- 
vented in a high percentage of cases. Division of the bronchus in a 
biased direction and utilization of the musculofibrous portion for cover- 
ing the end of the cartilaginous portion has been advocated by Eienhoff®® 
as an additional safeguard against reopening. In young individuals, 
after closing the end of the bronchial stump by a row of interrupted 
sutures, inversion of the stump, as in treating the stump of an appendix, 
may be brought about by a series of interrupted mattress sutures. In 
older individuals, however, where the cartilages have become quite rigid, 
this is not possilzle. A more substantial closure in these eases must bo 
obtained bj' the use of mattress sutures placed above the line of inter- 
I'upted .sutures closing the end of the bronclms as advocated by Overholt 
and others. Destruction of the bronchial mucosa by chemical cauteri- 
zation has the advantage that raw surfaces of the bronchus are ap- 
proximated by the mattress sutures and should give rise to more rapid 
solid healing. In closing the bronchial stump cave should be taken not 
to disturb the In-onehial artery since that portion of the bi-onchus distal 
to ligature or mattress sutures is partly noinished by this means. Fol- 
lowing elosui'e of the bronchus, bin-ying the same in the mediastinum 
or covering it with a free lung parenchymal graft, as advocated by 
Churchill. may further enhance solid healing without subsequent re- 
opening. This is a debated question, however, some pi’efezlng to leave 
fl protruding into the plezzz-al .space.®' Clean zlrapes are now placed 
about the wound, a change of gloves is znade and a clean set of instznz- 
ments used for elosui’e of the wound. Pi’oteetiou of the wound edges 
by moist hip sponges dui’ing suz-geiy will eneoui-age healing by pi’imai’v 
mtezitioii. Chi.sui'o is made in layei-.s, using a double sti’and of Xo. 0 
chromic eatgut for izei’ieostal sutui’cs placed ai-oiind the ribs above and 
below the incision and a eontimzoizs sutiu'o of Xo. 00 cbromic catgut for 
tbe intercostal sti-uctui-es. The mu.scles ai’c carefully a])pi'oximated m'tli 
mlerrizpted sutures of tbe latter matei-ial and closui-e completed without 
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drainage. After closure is complete, a needle introduced into tlie pleural 
space is attached to a pneumothorax apparatus to determine the residual 
piessuies. Air is then aspirated until the pressures become within nor- 
mal limits; i.e., minus S to 10 em. of water. T. Edwards and Harrington 
have advocated drainage of this space following surgery for the removal 
of accumulated fluid and maintenance of pressure relationships. The 
drain is removed twenty-four to seventy-two hours later in order to avoid 
infection of the residual pleural space. 

Postoperative Care. — The amount of blood lost during surgery and the 
degree of shock at the end of surgeiy determine whether a second blood 
transfusion is indicated. A higher percentage of successful results will 
be obtained where the free use of blood transfusions is employed when 
indicated. After the return of the patient to his room, ox 3 'geii is ad- 
ministered bj^ a nasal catheter or by tent. If given by nasal catheter 
at the rate of 10 to 12 liters per minute, the amount may be sufficient 
for most patients. In the presence of a humid atmosphere or extreme 
elevation of temperature, oxjrgen given ly the tent method is advisable. 

either method, oxygen administration will diminish the strain on the 
cardioresijiratory system and reduce very definitely the incidence of 
cardiac failure. An apparatus readilj’' available for the administration 
by mask of ox.ygen under pressure is advisable for occasionallj^ its im- 
mediate use may be neeessaiy. 

Some aiithors, notablj’' Eienhoff, have advocated the Trendelenburg 
position in bed for twent 3 ’’-four hours following operation, maintaining 
that this permits free bronchial and tracheal drainage with minimal 
effort to the patient. Other surgeons favor the semisitting posture in 
which position cough and expectoration are someAvhat facilitated. In 
either ease, change of position from one side to the other or to the back 
eveiy two or three hours while the patient is awake during the first two 
or three days is indicated. This helps to prevent the development of 
pneiimonia in the remaining lung and tends to aid circulation. Adminis- 
tration subcutaneously or intravcnou.sl.v of 2,000 to 3,000 c.c. of saline 


solution or glucose dailj' during the first two or three da^’s is indiciitcd. 
A sudden rise in temperature to 101 or 102° with a somewhat rapid fall 
may be expected for the first two or three daj's. Some of (his elevation 
is due to the absorption of Ifiood from the pleural cavity and may persist 
for one or two weeks. 

Examination of the chest by fluoroscopy or x-ray every t\vo or three 
r indicated in order to determine tlic condition of the residual 
space and of the remaining lung as well as the jiosition of the 
pleiua I jl; is usuall.v unwise to remove air or fluid from the 
mediastinum. creating Iiigh negative jiressiires. 

residual p . ^ there is gradualh' absorbed and replaced bv fluid of a 

The air pemis iHn WJien the jileural .sjiace is not jirejiared by tiie 

scrosaiiguineous natiue. 
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use of beef broth prior to operation, the fluid found at this site following 
operation remains in a fluid state for at least several weeks or months 
following surgery. 

Where healing of the wound occurs by primary intention, the patient 
may be able to sit out of bed by the end of two to three weeks and may 
be discharged from the hospital by the end of three or four weeks. If a 



Pig. 11 — Modified double Wangrensteen portable suction apparatus found to bo 
satisfactory for draining and obliterating the pleuial space tollowing mtrathouicic 
operations. A iiianoinetei connected with the tubing between the two upper fiashs aids 
in deteinunmg the amount of suction applied to the pleural ca\it>. 

cough develops or is persistent after operation, reopening of the bron- 
chial stump with the production of a bronchial fistula must be suspected 
and is determined Ijy bronchoseopic e.xamination. In this event, an em- 
pyema of the residual pleural space must be e.vpeeted and necessitates 
drainage of this space. Complete healing of the empyema may occur 
following adcfiuate drainage with or without subsequent oblitciation of 
die space by thoracoplasty.'® 
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READJUSTJIENTS FOLLOWING PNEUMONECTOMY 

During Hie past eight years sufficient clinical material has been ob- 
served upon which definite eonehisions can he based regarding the physi- 
cal and physiologic alterafions following pneumonectomy. Some of these 
maj^ be observed within the first few hours after operation; viz., reduced 
respiratory movement on the side of surgery, with narrowing of the 
intercostal spaces, elevation of the diaphragm, and shifting of the medi- 
astinum toward that side. These changes increase in degree during the 
subsecinent few months and in addition there is a sinking of the pleural 
ajicx and a mild degree of scoliosis with the concavity toward the side 
on which the operation was made. 

Residual Pleural Space. — Following tiie removal of an entire Inng on 
one side the jilenral space fills witJi a serosanguineous transudate and 
the air is gradnallj' absorbed. It is usually unnecessary to remove air 
or fluid from this space following siirgeiy provided a normal negative 
pressure is established after closure of the wound. As stated, some sur- 
geons (Edwards, Harrington®*^) prefer to di’ain this space for twenty- 
four to seventy-two hours in order to maintain a negative pressure. 
Itienhoff®^’ ** reports that the accumulating fluid coagulates within a few 
days, with the formation of many pocliets in the meshes of a fibrous 
tissue network. In our experience this fluid remains nncongiilated for 
weeks or months^® and becomes serofibrinous in character. The space is 
markedly reduced in size bj'' elevation of the diaphragm, some shift of 
the mediastinum, contraction of the chest ivalJ, and thickening of lljc 
parietal pleura. An autopsy performed on a SS-year-old man who died 
of general peritonitis nine months after total left ])neumonectom,y re- 
vealed 125 e.e. of serofibilnons exudate occupying a cone-siiapcd space 
made by a contracted parietal pleura which imried from 0.5 to 2 cm. in 
thickness.^^ The discrepancy between these findings and those of Rien- 
hoff’s report ir.ay well be explained by the preoperative preparation in 
his patients with beef broth which stimulates granulation tissue pro- 


duction. 

In children, the media.slinum is able to shift more easily than in adults. 
Thus the lung on the nninvolvcd side actually herniates into and dimin- 
ishes the size of the residual pleural space. This is also true in dogs 
and in addition little or no pleural fluid or parietal ])lenral Ihickcniii!? 
is found following pnonmoncetomy.®* 

That the accnmulation of fluid in the residual pleural space con.sti- 
tutes a real hazard is emphasized by the report of sudden dealb frojii 
hvxia due to flooding of the remaining inng by sudden opening of 
hrenehial stump.®' This is one factor that has given ri.se to the fiv- 
^ • delnted hut as yet unanswered question as to wlicthei- a tlioraeo- 

cpmnt obliterate this' space .sliould not accompany or follow the jtnen- 

monectoni}. Due mainly to the shift of the inedia.sfi/Muii 

The Remaunnj jowering of the diapb laigiii on tile luiiii- 

aml also to some extent 
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yolved side,« the remaining Inng fills a larger space following total 
pneumonectomy. Whether there is actual hypertrophy, hyperplasia, 
or true emphysematous changes has been a controversial snbject. Eien- 
hoff believes that neither of these occurs but that there is a simple 
overdistention of the pulmonary tissue, a view shared by most authors. 
This change is more marked following removal of the left lung since 
the light lung herniates into the left pleural space more easily than 
contrarhvise. This is thought to be due chiefly to the anatomical 
arrangement of the mediastinal structures. Rienhoff has found similar 
alterations in both children and adults varying only in the degree of 
severity. 

Considerable animal experimentation regarding the reduction of lung 
function has resulted in the following conclusions: If no more than 
one lung is removed in dogs and cats, only compensatory overdisten- 
tion with no production of true emphysema of the lung occurs (Rien- 
hoff, Reichert, and TIeuer®®). In rabbits some areas showed changes 
analogous to compensatory emphysema following total pneumonectomy 
(Morrison"). In rats (IIibber®“) and in young eats (Longaere and 
Johansraann”'’) actual hyperplasia occurs following pneumonectomy. 
Behrend and 3101111°^ however, believe the increased volume of the 
remaining lung is chiefly due to the use of functional units which are 
ordinarily inactive. Due to the extreme elasticity of lung tissue, 
Phillips and his associates®® and Rasmussen and his co-workers““ of 
this laboratory for;nd it impossible to produce true emphysema until 
only one upper lobe or about 15 per cent of the lung tissue was func- 
tioning. The lobes revealed znarked dilatation of the terminal respira- 
tory units including the alveoli, air sacs, atria, and alveolar ducts, the 
overdistention being especially marked in the latter. There was some 
fragmentation of the walls of the alveolar ducts, but the alveoli for 
the most part were intact, with no destruction of elastic tissue and 
little disturbance of capillaries of pidmonary circulation. This latter 
is substantiated amply by both clinical and experimental evidence. 


Cardiorespiratory Reserve . — Following pneumonectomy little or no 
cardioresi^iratoiy embarra.ssment Avhile at rest or under mild exercise 
occurs in an otherwise noi-mal individual. The first patient to survive 
total pneumonectomy for carcinoma (performed by Graham), a doc- 
tor is living and without symptoms more than eight years after surger.v. 
He continues his surgical practice and during ordinary activities is 
unaware of signs or .s.vmptoms of embarra.ssment referable to the cardio- 
sniratory system. Many like examples of a .shorter duration show 
H ■ • to be the rule rather than the exception. ^Jluch light has been 
/'^l on this aspect of the sub.ject by animal experimentation. As early 
Ileuer and Andrus®® observed a temporary I'ise in alveolar 
"""lioxide and a fall in alveolar oxygen following i)ncumonectomy 
carbon c changes there was an a.ssociated temporary rise 

in dogs. content and capacity' of the blood with a marked 
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fall in the oxygen content and a marked decrease in the oxygen satura- 
tion. With this Andrus®* found an increase of 40 per cent in blood flow 
through the opposite lung within a few hours after pneumonectomy. 
In other studies®^ he demonstrated an increase in respiratory volume, 
pulse rate, hemoglobin, and red cell count within twenty-four hours 
after ligation of the left main bronchus. All of the above alterations 
excepting the hemoglobin and oxygen capacity returned to normal 
within approximately one month. 

Cardiorespiratory reserve following pneumonectomy ivas further 
studied by Longa ere, Carter, and QuilP® using induced exercises and 
anoxemie tests on young dogs before and at A'arious periods follorving 
surgery. They found it to be sufficient to tolerate moderate exercise. 
According to their methods the reserve was reduced to 50 per cent by 
total pneumonectomy, but after four months this wms raised to 66 per 
cent. The mechanism for this compensation could not be adequately 
explained. 

Table I 

Results of Test for Kespiratorv Reserve at Rest in Normal, 3-Lobe, 2-Lobe and 
1-Lobb Dogs bt Reduction of Atsxospheric Pressure in Evacuation Chajibek 
(Reserve op 3-Lobe Dogs Was Same as That for Normal Animals While That 
OP 1- and 2-Lobe Dogs Was Somewhat Reduced) * 


ST.VNDARD ATMOS- 
PHERIC PRESSURE 

CONDITION OP 

ANIMAL 

AND 

% OF FUNC- 
TIONING LUNG 

NO. 

OF 

DOG 

ALTITUDE 

TOLERATED 

TIME 

OF 

ASCENT 

(MIN.) 

AVERAGES 


PRESSURE 

(mm.hg) 

ALTITUDE 

(FT.) 

PRESSURE 

(MM.HG) 

0 

760 


■El 


10 



1,000 

733 




10 



5,000 

032.4 

Normal (6 lobes) 


29,500 

10 

30,400 

221.6 

10,000 

522.6 

100% 

■1 

32,000 

8 



15,000 

42S.S 


■a 

29,500 

11 



20,000 

349,2 


917 

32,000 

6 



25,000 

282 


993 

32,000 

7 



30,000 

225.6 

3 lobes 

3 

25,000 

7 

30,000 

225.6 

35,000 

178.7 

38% 

637 

31,000 

9 



40,000 

140.7 


871 

30,000 

9 





2 lobes 

636 

27,500 

4 

26,000 

269.8 



23 %> 

869 

24,500 

6 





1 lobe 

635 

26,5001 

5 





15% 

621 


6 

25,833 

272 




695 






•From Rasmussen, R. A., Adams, E., and Hrdina, L. S. : Surgery 10: 85, 1941. 
tFailed to recover, 

not become unconscious. 


The above findings are in agreement with data more recently accu- 
mulated in our laboratory.®®’ ®- A more severe strain was placed on 
the cardiorespiratory function by reducing the lung function to as 
little as one upper lobe or approximately 15 per eeut of normal. Studies 
of the blood revealed findings similar to those of Andrus and Ileuer. 
A second series of dogs was subjected to extremely rarefied atmos- 
pheres by placing them in a chamber in which the pressure could be 
reduced. Normal dogs when subjected to this procedure were able to 
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tolerate a reduction in pressure to approximately 221.6 mm. Hg (alti- 
tude of 30,400 feet) or a pressure similar to that tolerated by"" man''^ 
before becoming unconscious. The same results were obtained when 
dogs with three lung lobes functioning (both upper lobes and the right 
middle, or about 38 per cent of normal) were subjected to the test. 
When one-lobe dogs were subjected to the procedure they became 
unconscious at 272 mm. Hg pressure (altitude 25,833 feet), thus show- 
ing a high reserve in spite of the fact that little lung tissue was func- 
tioning. Dogs with one lung lobe functioning have been observed for 
more than thz’ee years and appear to be better compensated at the end 
of that time than immediately or a few weeks after surgery. 


RESULTS OF SURGICAL TREATMENT DURING THE P.<IST DEC.iU)E 


An appraisal of the accomplishments of any surgical procedure by 
the use of statistical material is usually far from satisfactory. How- 
ever, some information can be gained from reports of personal experi- 
ences or collected eases which have appeared in the literature. Thus 
a monograph by Crafoord in 1938 presented a detailed report on 12 
pneumonectomies for carcinoma of the lung with 3 successful results. 
He discussed the cause of failure in the remaining patients and de- 
scribed the technique developed during tliis experience. In 1939 Ochsner 
and DeBakey^^ discussed the results in 7 personal and 76 collected 
eases by twenty-three authors reported since 1933. Of these, 32 had 
survived more than 2 months and 25 were living at the time of the 
report. In 1940 Overholt and RumeP® reported the results of a per- 
sonal series of 17 pneumonectomies with 11 recoveries. Of these 8 were 
living and without evidence of recurrence or metastases up to as long 
as 01/4 years following operation. 

In 1941 at the twenty-fourth annual meeting of the American Asso- 
ciation for Thoracic Surgery this subject was thoroughly discussed and 
the following statistics ivere given: E. F. Bulter, 16 pneumectoniies 
with 11 recoveries ; E. A. Graham, 35 successful pneumonectomies with 


patients living without evidence of tumor at the present time: 1 for 
8+ years, 1 for 6+ years, 2 for 5+ years, 11 for 3+ years, and 20 for more 
than IV 2 years; his mortality for the past 18 months (20 cases) was 
25 per cent; prior to this it had at one time been as low as 12.5 per 
cent- S. W. Harrington, 9 pneumonectomies ivith 6 recoveries; E. II. 
Overholt, 28 pneumonectomies with 20 recoveries during the past 8 
years- the mortality rate which was 44 per cent during the first 3 years 
1- DPed to 21 per cent during the last 5 years; W. E. Eienhoff, Jr., 
^rnneumoneetomies with a mortality of 25 per cent during the past 8 
• N S Shenstone reported the results in 13 pneumonectomies; 
t January, 1938- there were 4 operations with 2 recoveries ; since 
prior 0 have been 9 operations with 7 recoveries; at tlie Uni- 

that date ® Clinics there have been G pneumonectomies with 3 
versity 0 th • . 

recoveries, tne mur, 
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These statistics represent only a fraction of the total number oi 
successful cases obtained both in America and abroad and are intended 
only to emphasize what has been accomplished by a small group of 
sui’geons. The mortality rate per se is not prohibitive and to a great 
extent depends on the choice of patients for surgery, and the surgeon’s 
specialized training in the management of diseases of the thorax. Of 
great importance is the gradually increasing number of survivals of 
more than five years, the longest being over eight years. 

It is thus very obvious that real progress has been made in the sur- 
gical management of carcinoma of the lung. However, it is only the 
beginning, and one of the main hazards to its continued advancement, 
as pointed out by Graham, is the development of a pessimistic attitude 
among those qualified for and actively engaged in the treatment of 
these patients. Statistical results in pioneer work on a previously 
hopeless problem are bound to be discouraging. However, when one 
considers that all accomplishments have been made within one decade, 
it compares very favorably udth the treatment of malignant disease 
elsewhere in the body. Undoubtedly continued improvement can and 
will be achieved. Earlier diagnoses and correlation of the pathologic 
picture with its clinical significance will be a big step in this direction. 
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Infantile Paralysis: Anterior Poliomyelitis. By Philip Lewin, M.D., Associate 
Professor of Bone and Joint Surgery, Nortlm-estera University Jledical School; 
Professor Orthopedic Surgery, Cook County Graduate School of ACedicine; At- 
tending Orthopedic Surgeon, Cook County and Michael Seese Hospitals; Con- 
sulting Orthopedic Surgeon, Municipal Contagious Disease Hospital, Chicago. 
Cloth. Pp. 372, with 165 illustrations. Phiiadelpliia, 1911, IV. B. Saunders Co. $6. 

The author has produced a volume on the subject of poliomyelitis which should 
be widely used as a handbook and guide both for physicians who may be especially 
interested in the diagnosis and treatment of the disease and for the general prac- 
titioner whose interest may be only casual and occasional. It covers the subject 
from, the standpoint of etiology, resistance and immunity, epidemiology, pathology, 
symptomatology and treatment, both during the immediate convalescent stage and 
tile stages of late convalescence and operative treatment. 

The author has borrowed freely from the writings of others and in fact has in- 
cluded in the material sections by numerous authors of prominence whose ex 
perienee gives authority to their portion of the text. 

The arrangement of this book seems excellent to the reviewer. It is adequately 
and well illustrated. It is not too large and the chapters are not too long so that 
it should be a useful textbook and handbook for those interested in this disease. 


InfautUe Paralysis: A Symposium Delivered at Vanderbilt University, April, 
1941. Cloth. Pp. 293, with 47 illustrations. New York, 1941, The National 
Foundation for Infantile Paralysis, Inc. 

Becent advances in our knowledge of infantile paralysis are due in large measure 
to the liberal aid which the National Foundation for Infantile Paralysis has given 
to various groups of workers. The present volume, representing another activity 
sponsored by the Foundation, constitutes six lectures delivered at Vanderbilt Uni- 
versity by outstanding authorities in the field. Each of the lectures makes up a 
chapter. Chapter I is on the “History of Poliomyelitis Up to the Present Time,” 
by Professor P. F. Clark of the University of IVisconsin Medical School. Chapter 
II is by Dr. Charles Armstrong, Senior Surgeon, United States Public Health 
Service, on “The Etiologj' of Poliomyelitis.’’ Chapter III on the “ Immunological 
“nil Serological Phenomena in Poliomyelitis’’ is by Dr. T. M. Kivers, Director, the 
B-ospital of the Rockefeller Institute for Medical Eesearch. ‘ ‘ The Pathology and 
Pathogenesis of Poliomyelitis’’ forms Chapter IV, and is written by Dr. E. W. 
tiooilpasture of Vanderbilt University School of Medicine. Chapter V is a discus- 
sion of “The Epidemiologj' of Poliomyelitis,’’ by Dr. J. H. Paul of Yale University 
School of iledicine. The final chapter is by Dr. F. R. Ober of Harvard University 
on “Treatment and Rehabilitation of the Poliomyelitis Patient.’’ 

Each of the chapters is well documented. The bibliography is placed at the 
ond of the last lecture and numbers 575 references, 'fhe subject is presented in a 
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lucid and scholarly manner. There is considerable overlapping of material in some 
of the lectures which could have been obviated by more careful editing. This repe- 
tition may have served the lecturers well, but it dulls the readers’ interest. The 
volume is well indexed. 

The contents of the volume are authoritative and the monograph is highly recom- 
mended to anyone desiring a comprehensive statement concerning the present-day 
problem of infantile paralysis. The National Foundation for Infantile Paralysis, 
Inc., is to be commended for undertaking such a project. 


Erratum 

On page 6S7 of the October, 1941, issue in the “Beport of the Meeting of the 
American Association for Thoracic Surgery, June 9-11, 1941, Toronto, Ontario ’ bj 
John B. Paine, M.D., Minneapolis, Minn., reference is made to the Eoss-Lambert 
Prize Essay i‘ead by C. A. Moyer, Boston. The award should appear as the Rose 
Lampert Graff Foundation Prize Essay. 
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Man, location of lateral spiaotlialamic 
tract in brain stem of (Rasmus- 
sen and Peyton), 699 
Ifeasurement of local fluid loss in ex- 
perimental traumatic shock, 
technique for (Cullen and Ptee- 
man), 770 

Meckel's diverticulum, perforated leio- 
myoma of (Koueky and Beck), 
636 

Meetings, recent, review of, 201, 35S, 361, 
504, 511, 524, 675, 681, 6S7, 
854 

Menstrua! disorders and sterility, diag- 
nosis and treatment of, 366 (B. 
Rev.) 

Mesodermal mixed tumors of corpus uteri 
(Lebo^Yich and Ehrlich), 411 ] 

Morphology, age, of primary tubercles, : 
532 (B. Rev.) 

Motility, ocular, clinical study of normal 
and abnormal, 698 (B. Rev.) 
Muscle, peetoralis major, ruptures of 
(Pulaski and Chandlee), 309 
Muscles, extra-ocular, cbnieal study of 
normal and abnormal ocular mo- 
tility, 698 (B. Rev.) 

Mustard-gas bums (iVakeley), 224 

N 

Meek, surgical anatomy of head and, 367 

V , 

'■'ephtolitmasis due to infection with 
Sacilhes protcus (Creevy), 971 
Metve section, peripheral, further obser- 
vations on etiology of vasomotor 
disturbances following (Atlas), 
318 

O 

Obstetrics, 'Williams’, textbook for use 
of students and practitioners, 
533 (B, Rev.) 

Obstructed loop, toxicity of intestinal 
content and of transudate from 
(Hill and Stoner), 250 
Obstruction, intestinal, colonic spasm as 
cause of (Colp), 270 
Ocular motility, clinical study of normal 
and abnormal, 698 (B. Ecv.) 
Operative visualization, treatment of in- 
guinal liemia by injections un- 
der (Aniheim and Xeuhof ), 624 
Ortliodontics, applied, 097 (B. Rev.) 
Osteitis fibrosa cystica, nialignaut tumor 
of parathyroid glands with 
(Gentile et ah), 793 

Osteomyelitis, acute hematogenous, with 
positive blood culture, excision 
aud/or proximal ligation of ex- 
traobseous tlironibophlebitis in 
treatment of (Wileii.-ky), 409 
Otoplasty, reconstructive <GreeIey), 157 

P 

Pads, liot laparotomy, lulliosiuiis from 
(Kredel ot ah), 15 


Pain, abdominal, in cyclic vomiting 
(Karelitz and Blumenthal), 613 
Paralysis, infantile, anterior poliomye- 
litis, 1027 (B. Rev.) 
symposium delivered at Vanderbilt 
TTniversitj', April, 1941, 1027 
(B. Rev.) 

Parathyroid glands, malignant tumor 
with osteitis fibrosa cystica 
(Gentile et ah), 793 
Pathology and immunology, 1940 j'ear 
book of, 368 (B. Rev.) 

Patient, "poor risk,” management of 
gastric resection for (McCorkle 
and Bell), 879 

Peetoralis major muscle, ruptures of 
(Pulaski and Chandlee), 309 
Peptic ulcer, acute perforated, late re- 
sults in, treated by simple su- 
ture (Parker), 49 
perforated, shock in (Soutter), 233 
role of epithelization and contrac- 
ture in healing of (Howes et 

ulcers and gastric mahgnancies, bac- 
teriology of (Seley and Colp), 
369 

Perforated leiomyoma of Meckel's diver- 
ticulum (Koueky and Beck), 
636 

peptic ulcer, acute, late results in, 
treated by simple suture 
(Parker), 49 
shock in (Soutter), 233 
Peripheral nerve section, further obser- 
vations on etiology of vasomotor 
disturbances following (Atlas), 
318 

Peritoneal cavity, pleural cavity, and 
gastrointestinal tract in dogs, 
comparative absorption rate of 
sulfanilamide from (Haag et 
ah), 572 

Peritoneoscopy (Olim), 391; (Shackel- 
ford), 742 

Phlebography, cerebral (Sanchez -Perez), 
337 

Phosgene burns (Wakeley), 230 
Phosphorus burns (Wakeley), 227 
Plasma and erythrocyte fractions of ab- 
sorbed blood, relative impor- 
tance of, experimental studie.s 
on alimentary azotemia (Hark- 
ins and Chuitn), 991 
I iucoiupatiblo, serum and ascitic fluid, 
inactivation of group-specific 
isoagglutiuins in relation to 
transfusion of (Davis), 592 
Pleural cavity, peritoneal cavity, aud 
gastrointestin.al tract iii dogs, 
comparative absorption rate of 
sulfanilamide from (Ilaa" et 
ah), 572 

-space, should it bo reduced in size 
in resection of lung tis.suo? 
(Rasmus.-eu ct ah), 85 
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Incisioni, upper abdominal, observations 
on use of prolonged anesthetic 
agents in (Zollinger), 37 
Incompatible plasma, serum, and ascitic 
fluid, inactivation of group spe 
cifie isoagglutimns in relation to 
transfusion of (Davis), 592 
Infantile paralysis, anterioi pohomyeli 
tis, 1027 (B Rev ) 
symposium deliveied at Vanderbilt 
University, April, 1941, 1027 
(B Rev ) 

Infection with Manlius proteus, nephro 
lithiasis due to (Creevy), 971 
Infections, pjogenic, of spinal epidural 
space (Blow del and ileyers), 
296 

staphylococcus, studies of antihemolysin 
level in patients with, treated 
w 1 1 h staphylococcus t o \ o i d 
(Longaere), 576 

surgical, local sulfamlamide theiapy in 
(Veal and Klepsei), 947 
sulfanilamide and its dematives in 
(Lockwood), 493 

Inflation, positive, of lungs, studies of 
jugular pressure of anesthetized 
dogs during, before, and aftei 
pneumonectomy (Humphreys et 
ah), 21 

Inguinal hernia, treatment of, by injec 
tions under operative visuali 
zation (AmJieim and Karelitz), 
624 

Injections under operative visualization, 
treatment of inguinal hernia by 
(Arnheim and Neuhof), 624 
Intestinal anastomosis, effect and fate ot 
silk in (Hoag et al ), 604 
content, toMCity of, and of tiaiisudate 
from obstructed loop (Hill and 
Stoner), 250 

obstruction, colonic spasm as cause of 
(Colp), 270 

Intracerebral hemorrhage, nontraumatic, 
with clot formation (Kleimne), 

434 

Intrapancreatic portion of common bde 
duct, carcinoma of (Bruusolinig 
and Clark), 553 

Intussusception in adult due to submu 
cous lipoma of ileum (Botsford 
and Newton), 265 
Iodine, blood (Colcock), 139 
Iso'i'iclutinins group specific, uiictiva 
tion of, in relation to traiisfu 
Sion of wcoaip itible pi isuia, 
serum, and ascitic fluid (Divis), 

592 

J 

IV raters explosion” (Vatirs), 01,1 (/) 

v'JiUcvs, c p ancsthitizul dogi 

Jugular pa,„ue pres 

sure or lungs ^ 

pncuinonectomv (llu 1 1 

kh 21 


K 

Kidneys, cases of nephrolithiasis follow- 
ing operation upon (Creevy), 

L 

Laminectomy, emergency, for acute epi- 
dural abscess of spinal canal 
(Echols), 287 

Lapaiotomy pads, Iiot, adhesions from 
(Kredel et al ), 45 

Large bowel, hemangionn of (Hunt), 
651 

self introduced foreign body perfo 
rating (Thorek), 405 
Leionij oma mahgnum of stomach (Chris 
topher et al ) , 381 

perforated, of Meckel's diverticulum 
(Koueky and Beck), 036 
Lewisite, liquid, burns (Wakeley), 227 
Ligament, round, of uterus, live tumors 
of, oue a capillary liemangioma 
(Sclinedorf and Orr), 042 
tibial collateral, fascnl reconstruction 
of (Milch), 811 

multiple congenital deformities 
with relaxation of (Milch), 823 
Ligation, proximal, of evtraosscous 
thrombophlebitis, excision and/ 
or, m treatment of acute hema 
togenous osteoniyehtis vvitli posi 
tive blood culture (ITilensk}), 
409 

transthoracic, transpleural, of first por- 
tion of left subclavian artery 
(Touroff), 717 

Lipoma, submucous, of ileum, iiitussus 
ccption m adult due to (Bots 
fold and Newton), 265 
Lipomas, submucous, of sfoniach (Ku 
mold), 212 

Liver, human, glycogen lonteiit of (Jlat 
Iiityre et al ), 716 
m surgery, role of, 533 (B Kov.) 

Lung, abscess of (Glass), 465 
tissue, resection of (Aduiiis), 811 
should pleur.il sjiiiee be reduced iii 
sue in? (Risuuissen et .il ), 85 
tumors, classification of (Adiiiis), Sli 
rn-cnt progress in surgical treafmtnt 
of (Adams). 8!6, 1005 
Lungs, positive inflation of, studies of 
pigtil ir pressure of anesthetized 
dogs during, before, anil after 
pneuinonee'tomv (Hiimphre-ys et 
al),21 


51 


b le te riology of 
and (iSeluy and 


M.ilign ini ie“s, g istrii , 
jeptic ulcers 
Colp), 309 

Miligiiint degenention in ' i-e of imil 
tiple benign evnstei'its (Biiiiutt 
inii Birkhiimert 7S] 
tumor of pirithyroid gl tnds with 
o-teitis Iibro-I lystiii ((mittU- 
. e vl >, 703 
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Sulfanilamide — Cont ’d 
comparative absorption rate of, from 
pleural cavity, peritoneal cai ity, 
and gastrointestinal tract in 
dogs (Haag et al.), 572 
report of case of chrome undermining 
burrowing ulcer treated by 
(Besser and Dulin), 462 
therapy, local, in surgical infections 
(Veal and Klepser), 947 
Sulfonamides, mode of chemotherapeutic 
action of (Lockwood), 493 
Surgery, held, in open war, SCO (B 
Rev ) 

gastric, complications following, pos 
sible bearing of bacteriology of 
peptic ulcers and gastric malig 
nancies on (Seley and Colp), 
369 

gastrointestinal, new clamp for aseptic 
anastomosis in (DeBakey), 826 
of hand, 532 (B Hei.) 
recent advances in, department of, 147, 
336, 493, 663, 836, 1005 
reduced temperatures in (AUen), 490 
{E) 

role of liier in, 533 (B Rev ) 

Surgical anatomy of head and neck, 307 
(B Rev ) 

anesthesia, blood etlier leiels in (Pot 
ter et al ), 757 

infections, local sulfanilamide therapy' 
in (Veal and Klepser), 947 
sulfanilamide and its deruatiies m 
(Lockwood), 493 

management ot postradiafion scais ind 
ulcers (Conway), 04 
treatment of lung tumors, recent prog 
ress in (Adams), S3G, 1005 
of thyroid disease, renew of patho 
genesis and (ColcocK), lio 
Suture, simple, late results in aiutc per 
forated peptic ulcer tre ited bi 
(P irker), 49 

Sympathectomy, changes produced b' m 
electrical resistance of skin 
(Bn liter ind 'Woodruff), 057 

T 

Tnnnic uid (Wakelcy ), 215 
Tcinper.itures, rcdiice'd, in surgen ( \I 
hm), 190 (P) 

Thorape, Im d sulf mil innde, in surgn il 
intiitnms (Vi d nml Klepser » 
9i7 ‘ 

leplneimiit, effect of, in iNperiiiieiil il 
slimk (Dimphy ami Gibson) 
Ills 

llnah simplilicd ti(hiii((ue for auiuut i 

turn thrmi,;!! (Wffl.s uid 'reitil 
III in), ij ! : 



Thyroid disease, review of pathogenesis 
and surgical treatment of (Col 
cock), 336 

Tibial collateral ligament, fascial recon 
structioii of (Hilch), Sll 
epiphysiotomy for sei ere genu recurva 
turn (Sutherland and Rowe), 
927 

Tissue, lung, resection of, should pleural 
space be reduced in size m? 
(Rasmussen et al ), 85 
Tovoid, staphylococcus, studies of anti 
hemolysin lecel of patients with 
staphylococcus infections treated 
with (Longacre), 576 
Tract, lateral spinothalamic, location of, 
in brain stem of man (Rasmus 
sen and Peyton), 699 
Training and efficiency', experiment in 
physical and economic rehabili 
tation, 858 (B. Rev ) 
Transfusion of incompatible plasma, 
serum, and aseitic fluid, inacti- 
vation of group specific isoag 
glutinins in relation to (Davis), 
592 

Transpleural, transtlioracic ligation of 
first portion of left subclavian 
artery (Touroff), 747 
Transthoracic, transpleural ligation of 
first portion of left subclavian 
artery (Touroff), 747 
Transudate from obstructed loop, toxicity 
of, and of intestinal content 
(Hill and Stoner), 250 
Traumatic shock, experimental, technique 
for measurement of local fluid 
loss in (Cullen and Preeman), 
770 

Treatment, modem, of varicose veins, re 
currenees and failures following 
(Sarma), 752 

surgnal, of lung tumors, recent piog 
ress in ( Vilinis), S3(i 
Triple dve method ot tri itinent of war 
burns (Wakelcy), 212 
Tube, vitillium, benign stnituro of bile 
dutts treited with (Pearse), 17 
Tubercles, priin.irv, age morphologv of, 
532 fB Rev ) 

Tubes, choIcdoLliostomy , method for to! 

hntion of entire bile output in 
liumaii pitients with (Liyno 
iml Ilergli), 5()3 

1 iiiiior iiuligii lilt of p ir itliyroid glands. 

witii osteitis tibro'l cystli. i 
( Gentile ct al ), 7b ! 

Tumors, lung, ilassiiu. itioii of (Adams), 
M5 

rinnt progriss in surgu.il tnatiiunt 
ot ( \dinis), 8 j|>, 1005 
nil sodi mill iiiived. of corpus uteri 
(Lihowiih ind Ehrlich), m 
of round ligiinant of uterus, live, om 
1 I ipill iry him ingionn (bchne 
dorl and Orr), ol2 
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Pneumonectomy, readjustments following 
(Adams), 1017 

studies of jugular pressure of anes- 
thetized dogs during postive in- 
flation of lungs before and after 
(Humphreys et ah), 21 
Pneumothorax, simultaneous bilateral 
spontaneous (W a 1 1 m a n and 
Leach), 476 

Polio treatment, a “new” (Stuck), 1003 
Poliomyelitis, anterior, infantile paral^’ 


sis, 1027 (B. Eev.) 

"Poor risk" patient, management of 
gastric resection for (McCorkle 
and Bell), 879 

Postoperative circulatory stagnation, ap- 
paratus for prevention of (Cogs- 
well and Thomas) , 323 
Postradiation scars and ulcers, surgical 
management of (Conway), 64 
Powder, glove, complication from use of 
(Byron and Welch), 766 
Procaine, experimental studies with (Sliu- 
macker), 119 

Pyogenic infections of spinal epidural 
space (Browder and Meyers), 
296 

E 

Rehabilitation, physical and economic, 
training and efficiency, an ex- 
periment in, 858 (B. Rev.) 

Renal disease, unilateral, hypertension 
and (Abeshouse), 147 
Replacement therapy, effect of, in ex- 
perimental shock (Dunphy and 
Gibson), 108 
Resection, gastric, management of, for 
"poor risk" patient (McCor- 
kle and Bell), 879 
of lung tissue (Adams), 841 

should pleural space be reduced 
in size in? (Rasmussen et ah), 

85 

Round ligament of uterus, five tumors 
of, one a capillary hemangioma 
(Schnedorf and Orr), 642 
Ruptures of peetoralis major muscle (Pu- 
laski and Chandlee), 309 


Scars and ulcers, postradiation, surgical 
management of (Conway), 64 
Secretion, gastric, mechanism of (Ivy), 
861 .... 
qonticemia, colon bacillus, associated witli 
° acute cholecystitis (Lipsliutz 

and Kaplan), 730 

qprura incompatible plasma, and ascitic 
® ' fluid, inactivation of group-.-pc- 

"sf I 

Gibson), 103 


Shock, experimental — Cont 'd 

traumatic, technique for measure- 
ment of local fluid loss in (Cul- 
len and Freeman), 770 
in perforated peptic ulcer (Scatter), 

treatment of (Wakeley), 209 
Silk, effect and fate of, in intestinal 
anastomosis (Hoag et ah), 604 
Skin, electrical resistance of, changes 
produced by sympathectomy in 
(Richter and Woodruff), 957 
graft, tunnel, operative correction of 
Dupuytren's contracture by use 
of (Skinner), 313 

Spasm, colonic, as cause of intestinal ob- 
struction (Colp), 270 
Spermatozoa and sterility, 698 (B. Rev.) 
Sphincter choledochus, hypertrophy of 
(Boyden), 567 

Spinal canal, emergency laminectomy for 
acute epidural abscess of 
(Echols), 287 

epidural space, pyogenic infections of 
(Browder and Meyers), 296 
Spinothalamic tract, lateral, location of, 
in brain stem of man (Rasmus- 
sen and Peyton), 099 
Stagnation, postoperative circulatory, ap- 
paratus for prevention of (Cogs- 
well and Tliomas), 323 
Staphylococcus infections treated with 
staphylococcus toxoid, studios of 
antihemolysin level in patients 
with (Longacre), 576 
toxoid, studies of aiitiliemolysin level 
in patients with staphylococcus 
infections treated with (Long- 
acre), 5TG 

Sterility, menstrual disorders and, diag- 
nosis and treatment of, 366 (B. 
Bov.) 

spermatozoa and, COS (B. Rev.) 

Stomach, hemangioma of (Morton and 
Burger), 891 

leiomyoma malignum of (Chri.itopher 
et ah), .381 

.submucous lipomas of (Rumold), 242 
wall, abscess of (Sauer and Lisa), 899 
Stricture, benign, of bile ducts treated 
with vitalliuni tube (Pearse),.37 
Subclavian artery, left, transthoracic, 
transpleural ligation of first 
portion of (TourolT), 747 
Subdural hematomas, diagnosis and treat- 
incut of (Voris), 447 
Submucous lipoma of ileum, intussn.-.ccp- 
tion in adult duo to (Ilotsford 
and Newton), 26.3 
lipomas of stoiaacli (Rumold), 212 
Siilfunilamide and its deriiatives in sur 
gical infections (Lockwood), 

49.'! 

anil related compounds in general (irac 
tice, 859 (B. Rev.) 
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Tunnel skin, graft, operative correction 
of Dupuytren's contracture by 
use of (Skinner), 313 

U 

Ulcer, acute perforated peptic, late re- 
sults in, treated by simple su- 
ture (Parker), 49 

chronic undermining burrowing (Bes- 
ser and Dulin), 462 
peptic, perforated, shock in (Soutter), 
233 

role of epithelization and contrac- 
ture in healing of (Howes et 
ah), 1 

Ulcers and scars, postradiation, surgical 
management of (Conway), 64 
peptic, and gastric malignancies, bac- 
teriology of (Seley and Colp), 
369 

Umbilical hernia, large, repair of (Mi- 
chelson'and Eatfel), 999 

University Surgeons, Society of, St. 

Louis, llo., Feb, 14 and 15, 
1941, 1-146 

Society of (Brunschwig), 201 

Urinary tract, infection of (Creevy),971 

Urology, clinical, 534 (B. Rev.) 
office, 367 (B. Rev.) 

Uterus, live tumors of round ligament 
of, one a capillary hemangioma 
(Schnedorf and Orr), 642 


V 

Vanderbilt University, infantile paraly- 
sis symposium at, April, 1941, 
1027 (B. Rev.) 

Varicose veins, recurrences and failures 
following modern treatment of 
(Sarma), 752 

Vasomotor disturbances following periph- 
eral nerve section, further ob- 
servations on etiology of (At- 
las), 318 

Veins, varicose, recurrences and failures 
following modern treatment of 
(Sarma), 752 

Vitalliuni plate, repair of cranial defect 
with (Peyton and Hall), 711 
tube, benign stricture of bile ducts 
treated with (Pearse), 37 

Vomiting, cyclic, abdominal pain in 
(Karelitz and Blumenthal), 613 

W 

War burns, treatment of (Wakeloy), 207 
field surgery in open, SOO (B. Rev.) 

Warfare, chomical, burns due to (Wake- 
ley), 224 

Z 

Zinc peroxide in treatment of compound 
fractures and traumatic ampu- 
tations (Pulaski and Chandlee), 
904 




